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SUMMARY

The DICE THROW events were the last programmed tests to be con-
ducted in the MIDDLE NORTH series. It consisted of five phases: (1)

a series of 1-lb (0.45-kg) tests to examine cratering and fireball effects

due to explosive configuration and charge detonation system variations
in a highly controlled test medium, (2) a series of 1000-lb (453.6-kg)

equivalent events to gain experience with Ammonium Nitrate Fue. Oil (ANFO) and

also to examine cratering and fireball effects in a common media using both TNT
and ANFO charges, (3) a series of 5-ton (4.5-metric tor) equivalent events to
identify the most likely ANFC, source configuration, (4) a series con-

sisting of two lO0-ton (90.7-metric ton) equivalent events in a geology

of Air Force interest to verify the program compliance to objectives and
to provide detailed data to support charge performance characterization
of a 500-ton (453.6-metric ton) equivalent event, and (5) the 500-ton

(453.6-metric ton) equivalent event.

Phases 1 through 4 were called the ANFO Charge Development Program

with Phases 1 and 2 conducted on Kirtland Air Force Base, Albuquerque,

New Mexico. Phases 3 and 4 were conducted on the White Sands Missile Range
(WSMR) at the Queen 15 location and were titled Pre-DICE THROW I and II,

respectively. These series of events are described in detail in Chapters

I and II. Chapter III describes Phase 5 of the program called DICE THROW.

This test was conducted at the Giant Patriot site also located on WSMR.
The overall program was conducLed in the January 1975 through June 1977
time frame with a total of 42 agencies participating.

Each chapter in this Test Execution Report (TER) describes the

fielding activities associated with the last three phases of the test
program. The following are among those items discussed: objectives of
the test, the experimenters and support agencies, FCTMOT Test Group Staff
and their responsibilities, site location and description, charge con-
figuration and stacking, schedule of main events, instrumentation park

arrangements, cabling requirements, timing and firing, power requirements
and experimenter or support descriptions.
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This text includes both the English and Metric systems of engineering

units. DeviationF from this occur when tables or illustrations are too

detailed for practical inclusion. In these cases, scales or conversion

factors are provided fu- the reader's convenience.

There are two Appendices in this report which contain details on

engineering countdown procedures, use of frequencies and references to

drawings and Project Officers Reports and DICE THROW predictions.
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CHAPTER I

PRE-DICE THROW I TEST EXECUTION REPORT

INTRODUCT ION

The Pre-DICE THROW I program, conducted at the Queen 15 site on

the White Sands Missile Range (WSMR), was the third phase of the charge

configuration program, and this chapter describes only that portion.

Pre-DICE THROW I consisted of four events: one TNT surface-tangent

sphere, and three ANFO surface-tangent right cylinders with hemispher-

ical caps. The major objective of this program was to develop an ANFO

charge configuration that would match the ground-motion and cratering

characteristics of a surface-tangent sphere of TNT and would eliminate

or minimize jetting. The surface-tangent sphere was detonated for site

calibration. Details concerning the preliminary charge configuration

program may be found in the ANFO Charge Development Program, Program

Summary, written by Capt. T. Y. Edwards, 12 June 1977. This report

describes the first two phases of the DICE THROW charge-development

program conducted at Kirtland Air Force Base (KAFB).

The safety requirements for Pre-DICE THROW I are contained in

the Safety Standard Operating Procedures for Pre-DICE THROW Explosive

Operations - SOP 224-14-75, 27 March 1975. This document includes:

Operation No. 1, Off-Loading and Placing TNT Spheres; Operation No. 2,

Firing Hook-Up and Detonation (TNT); Appendix I, High-Voltage Firing

System Description; Operation No. 3, Off-Loading and Filling ANFO Charge

Container; Operation No. 4, Firing Hook-Up and Detonation (ANFO Events

2 and 4) with a letter requesting changes to Operation No. 4 to reflect

changes required for the last ANFO event dated 23 July 1975 by Mr. Hector

F. Lozano, Chief, Warheads Branch; Operation No. 7, Off-Loading and

Stacking ANFO Charge (Stacked Configuration); Apnex A, Stacking Plan 6

Tons ANFO.

Survey information pertaining to GZ-l, -3 and -4 are found in

Survey Report No. 328-75, 15 May 1975. Also included in this report

are the surveyed positions for each camera mound.

, I-1



Details pertaining to the selection of the Queen 15 site on the

WSMR (see Figure 1-1) for the Pre-DICE THROW events may be found in

the Air Force Weapons Laboratory (AFWL) Letter Report "DICE THROW Site

Selection Final Report." The Queen 15 site is located approximately

80 miles (128.75 km) north of the main post area of the range and

approximately 15 miles (24.14 km) west of the nearest boundary of the

range. The site, at an elevation of 4258 feet (1297.84 m), is on the

northwestern edge of the Tularosa Basin and adjacent to the northwestern
portion of the San Andres Mountain Range. The climate, vegetation and

biota are fairly typical to that of other basin areas in the southwest.
A hydrologic section and water level contours are shown in Figures

1-2 and 1-3.
Pre-DICE THROW I FCTMOT Staff

LCDR Bill Edgerton - Test Group Director

Capt. Tom Edwards - Technical Director

Maj. Les Langseth - Test Group Engineer

Maj. Rich Palaschak - Program Coordinator

Mr. Lou Stefani - Program Analyst

Mr. Noel Gantick - Instrumentation Engineer

Mr. Joe Sneed - Safety Engineer

Experimenters and Support Agencies

1. Air Force Weapons Laboratories (AFWL)

2. Civil Engineering Research Facility (CERF)

3. Denver Research Institute (DRI)

4. U. S. Air Force Aerospace Audio Visual Services (AAVS)

5. U. S. Army Electronics Proving Ground (EPG)

6. EG&G, Inc.

7. General Electric-TEMPO

8. White Sands Missile Range (WSMR)

9. Waterways Experiment Station (WES)

Charge Descriptions
Figure 1-4 shows photographs of the TNT surface-tangent sphere

(Event 1 detonated on 16 April 1975). Table 1-1 describes the sphere

and booster-detonator system. The original TNT sphere to be used on

1-2
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this event had to be destroyed because of an iiiuovable wooden plug that

had been inserted into the arming port.

The charges for Events 2, 3 and 4 are described in Table 1-1 and

in Figures 1-5 and 1-6 (these were detonated on 30 April, 14 May and

31 May 1975). Figures 1-7 and 1-8 show photographs of the ANFO charges

for Events 2, 3 and 4.

Timing-and-Fi ring System

1. Timin

The AFWL and CERF provided the timing and firing (T&F) for

this series of -vents. All T&F functions were handled through the
AFWL instrumentation van. Table 1-2 indicates the timing functions

and signals that were required by each experimenter.

2. Firing
A block diagram of tile firing system used at Queen 15 is

depicted in Figure 1-9. Tile firing unit is a TC-130A field X-unit

and is used to fire RP-I exploding bridgewire detonators. This unit

was operated from a control unit that was located in an instrumentation

and test control van. A TC-369 transverter charged the X-unit to 3000

volts and provided a preset interlock capability that assured that

tile X-unit was charged to the proper operating voltage before tile sys-

tem could be enabled 'o Fire. A 30-volt, 10-amp DC power supply pro-
vided power to operate tile system. Tile firing pulse was a 28-volt sig-

nal from tile countdown sequencer that triggered the firing system and

was effective only after interlock reledse drld mndfudl drilling were com-

pleted. Refer to SOP 224-14-75, Safety Standard Operating Procedures,

27 March 1975.

, System Operation

The typical sequence of events for using this system were as

follows: The arming party had the keys to the firing system and a

lock box in which all cables going to the field components had been

secured. Once the arming party had completed hookup of explosives,

they returned the keys to the control unit operator. At tile appropriate

time in tile countdown, the keys to the lock switches were inserted and

1-8
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HEMISPIERE

It /

D

1/8"(0.3, c" ) FILON C-4
FIBERGI ASS SHEET BOOSTERS A

ANFO i n.
EVENT NO. (cm) A B C 0 L

61.15 36.36 36.36 4.4 15.3
2(155.32) (92.35) (92.35) (11.18) (38.86)

3 40.92 40.92 40.92 4.4 10.24
_ _ _ (103.94) (103.94) (103.94) (11.18) (26.01)

*NOTE: The cap fabric on Ivent 1 was bleached miusl in
The cap fabric on Event 2 was canvas

Figure 1-5. Pre-DICE T11ROW I, Lvents 2 and 3 Charge Details
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*BAGGED C-4

ANFO BOOSTERS "' -

5" DIA. 56.64"(143.87 cm)

(12.70 cm)
5" HIIGHI

(12.70 cm) ,-

9" (22.86 cm)

37.68"- V-
(95. 71 cm)

*NOTE: 629 15-lb (6.80 kg) bags and 1720 lbs (180.18 kg) of

bulk ANFO

Figure 1-6. Pre-DICE T11ROW I, Event 4 Charge Details
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Figure 1-7. Top Photograph Bulk ANFO Charge [vent 2
Bottom Photograph Bulk ANFO Charge Event 3,
Pre-DICE THROW I
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turned on. lhe pre-arm switch was then actuated. This turned on tile

TC-369 and charged tile X-unit to 3000 volts. The monitor return line

connected tile X-unit voltage to the monitor section of tile TC-369 and

tripped all interlock relay in the TC-369 when tile TC-130A was charged

to 2800 volts. The ARM switch was then turned on, completing the trigger

circuitry. (This is enabled only after the H. V. interlock has ac-

tuated.) When the countdown sequencer provided a 28-volt fire pulse,

relays were actuated providing a fire pulse to the trigger inputs of

the TC-130A. The unit discharged, firing the detonator, and returned
an isolated, stepped-down signal to be stretched and recorded on tape

by tile experimenters for fiducial.

Queen 15 Pre-DICE THROW I Site and Experiment Layout and Description

Site Description

Figure 1-10 depicts tile overall site layout, indicating camera

stations, access roads, instrumentation van and cable overrun areas.

The test bed, as shown in this figure, was cleared of vegetation by a

grader to minimize fire hazards and to provide for unobstructed photo-

graphic coverage of each event. An expanded view of this area is shown

in Figure 1-11 which indicates tile orientation of each of the primary

and secondary gage lines for each event. Refer to the AFWL "DICE T11ROW

Site Selection Final Report," letter report to Capt. Edwards, FCDNA/

FCTD-TI from DEV for details on tile Pre-DICE THROW site selection.

Experiment Descripti on

1. AFWL/CERF - Project Officers: Dr R. lenny (AFWL) and
Mr. G. Jones (CERF)

OBJECTIVES: Airblast, Ground Motion, Strong Motion,

Seismic, Detonation Velocity, Ejecta Collection,

Displacement Pins, and Sand Columns. Photographs of

tile gages used for these measurements are shown in

Figures 1-12, 1-13, 1-14 and 1-i5.

All events (except the last ANFO event) had four radials

(90 degrees apart) of displacement pins and ejecta collectors, and

sand columns along one anticipated crater diameter. Strong-motion

measurements were also made on the first three events.
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Figure 1-14. Photographs of Gr ound Motion Canisters,
Pre-DICE THROW4 I
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Figure 1-15. Ejecta Collectors Used on Pre-DICE THROW I

The displacement pins (33 on each radial) were placed in tihe

ground starting at 16 ft (4.88 m) from ground zero (GZ) and spaced at

l-ft (0.30-11) intervals out to 35 ft (10.67 in); 5-ft (I.52-mi) inter--

vals out to 80 ft (24.38 m); and lO-ft (3.05-m) intervals out to

120 ft (36.58 in). Each oF these pins was surveyed prior to and after

• earh Pvpnt.
The ejecta collectors were placed along each of the four

radials (adjacent to the displacement pins) starting at 32 ft (9.76 m1)
from GZ, with a separation of 8 ft (2.44 m) out to 80 ft (24.38 1),

and 16 ft (4 .88 m) out to 160 ft (48.77 m) for a total of 12 ejecta
collectors on eac Ee radial.

Sand columns were placed in the ground along one dlameter

with a 3-ft (0.91-m) separation out to 18 ft (5.49 m) on either side

of GZ. The 13 sand columns were all 12 ft (3.66 m) dee. These columns

were excavated after each event to determine the true crater dimensions.

witha 3-t (091-i) seara Iott-1!t(.9 n neihrsd

ofG.Te1!adclmswr l 2f 36 n ep hs oun



The AFWL's strong-motion seismographs were used to measure

radial, tangential and vertical displacements and accelerations. This

seismograph is an optical-mechanical instrument that records (on 12-in.

(30.48-cm)-wide photographic paper) earth-particle motion in direct

terms of acceleration and displacement. Tile main components of the

seismograph are the sLarting devices, accelerometers, Carder Displace-

ment Meters, and the timing device. (Refer to Figure 1-13.)

Eight of these seismographs were placed along one radial

line south of GZ. They were located at 300, 400, 500, 650, 900, 1400,

1800 and 2400 ft (91.4, 121.9, 152.4, 198.1, 274.3, 426.7, 548.6, and

731.5 m) from GZ. Each of these instruments was remotely activated

by a hot closure (+28 volts dc) from the T&F van. There were a total

of 48 channels recorded (6 from each instrument package).

(1) Event No. 1, 9300 Ibs (4218.41 kg) TNT Surface-Tangent

Sphere, 16 April 1975.

This event was the site calibration shot and required

only one gage line as shown in Figure 1-16. There were a total of

seven overpressure and 32 ground-motion measurements made. Tile charge

had a Pentolite booster which was detonated with two detonators.

(2) Event No. 2, 11,045 lbs (5009.93 kg) ANFO, Capped

Cylinder with a cylinder length to diameter (L:D) of

0.84:1, 30 April 1975.

This was the first ANFO event of the series. The
charge had five C4 boosters (four spheres with two detonators each and

one hemisphere with one detonator) as shown in Figure 1-5. There were

a total of 12 overpressure and 32 ground-motion measurements made, as

shown in Figure 1-17.

(3) Event No. 3, 11,455 lbs (5195.90 kg) ANFO, Capped

Cylinder with an L:D of 0.5:1, 14 May 1975.

This event was instrumented the same as invent No. 2.

The booster arrangement and detonation method were also tile same.

Refer to Figure 1-17.

1-22
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I
:1 (4) Event No. 4, 11,155 lbs (5059.82 kg) ANFO, Capped

Cylinder with an L:D of 0.75:1, 31 July 1975.

The last event in this series used seven cylindrical

boosters with two detonators in each with the exception of the top

booster having only one. Six airblast measurements were made along

each of two radials as shown in Figure 1-18.

Detonation velocity measurements were made on Events

2 and 3 (ANFO). (Refer to the photographs in Figure 1-19.) Rate sticks

were placed within the charge on three booster radials. Each rate

stick had seven pins equally spaced along the radials for a total of

21 measurements :n each charge. (Event 3 had two additional pins

placed at the booster locations not covered by rate sticks.) Each

crater was surveyed by the CERF on four different radials for apparent

crater determinations.

2. Denver Research Institute (DRI) - Project Officer:
Mr. J. Wisotski

OBJECTIVES: This technical photography is required

for the characterization of visual air-shock quality.

Determinations will be made of the degree and extent

of explosive jetting, of triple-point trajectory and

qualification of surface-surge phenomena.

There were three camera stations monitoring each of the four

events of Pre-DICE THROW I; two were remote and one was a manned station

(refer to Fiqure 1-10). Power was provided to each station via motor-

generator sets. The remote-stations readiness was determined vi;ually

by monitoring a light on top of each station. The technical photographic

coverage included the use of the cameras as specified in Tables 1-3 and

1-4. Photographs of the remote and manned stations are shown in

Figure 1-20.

3. U. S. Aerospace Audio Visual Services/U.. S. Arm Elec-
tronics Proving Ground (AAVS/EPG). Project Officer;:

Mr. R. Spainhour (AAVS)
Maj. W. Scamahorn (EPG)

1-25
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To "J" Box

225 - (68.58)

Event No. 4-
Primary Radial Airblast Only

147 4(44.81)

80 -(24.38)

Secondary Radial 22 .6.71)

+ -- 90 -

225 147 GZ
(68.58) (44.81)

i,

Figure 1-18. Pre-DICE THROW I, Event 4, ANFO Cylindrical
- Charge, Airblast Measurement Stations
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OBJLCTIVLS: Provide overhead technical photography for deter-

mining detonation characteristics and stereoscopic mapping.

An NC 47J aircraft with five different cameras on board was used

on Lvents 2 and 3 to provide the above-mentioned technical photographic

coverage. Tihe cameras used were:

(1) 1 each 16Mn @ 3,000 fps (914.40 mps)

(2) 1 each 16mm 0 500 fps (152.40 raps)

(3) 1 each 16nin 0 128 fps (39.01 mps)

(4) 1 eaci 70mm sequential 0 10-20 fps (3.05-6.10 mps)

(5) 1 each KC6A Stereoscopic Mapping Camera

The aircraft, staging from Kirtland Air Force Base, New Mexico,

flew at an altitude of 10,000 ft (3,048.00m) above mean sea level with a

flight path north to south along a vector 162.4 degrees from grid north.

Radio communications with the aircraft were maintained via tle WSMR net.

4. White Sands Missile Rane (WSR)
Project Officers: Mr. W. Brown Mr. 3. Martinez

Mr. B. Galloway Mr. A. Triller
Mr. D. Green

OBJLCTIVLS: Provide construction support, documentary photog-

raphy (still and movie) and to make pressure measurements

to assess ARMTL instrumentation capability.

The construction support provided by WSMR included: clearing of

the site area, making access roads, building camera mound stations, digging

cable trenches, etc., as well as tile necessary documentary photography,

including still , motion and sequential pictures, using the cameras indicated

in Tables 1-5 through 1-8, and Figu'-e 1-21.

Pressure measurements were made on Lvents 1, 2 and 3.

5. [G&G, Inc. - Project Officer: Mr. R. Ward

OBJECTIVLS: To provide cable coordination fo," DNA. Cable re-

quirements for Pre-DICL TIIROW I were:

(1) 32,000 ft (9,753.60m) of 3-pair cable, #8777, not recovered.

(2) 8 each 5,000-ft (,1 524-m) runs of 20-pair cable, recovered.

(3) 8,000 ft (2,438.4m) of RG 213, recovered.

(4) 30,000 ft (1,144m) ot field wire, not recovered.

I1
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CHAPTER II

PRE-DICE THROW II TEST EXECUTION REPORT

INTRODUCTION

The Pre-DICE THROW II program conducted near the Queen 15 site

on the White Sands Missile Range (WSMR) consisted of three separate

tevents: Cylindrical In Situ Test (CIST), 100-ton (90.7-metric-ton)

TNT surface-tangent sphere and 120-ton (108.9-metric-ton) ANFO right-

circular cylinder, base-tangent to surface, with hemispherical top. This

fourth phase of the DICE THROW program was initially designed as a cali-

?2oI bration series for the main event; however, because of the amount of

experimental participation on the TNT event (required for cratering,

irblast and ground-shock data to calibrate the specific geology)

the word calibration was dropped. The CIST and ANFO events kept

their calibration status.

The safety requirements for Pre-DICE THROW 11 are located in the

following Safety Standard Operating Procedures for Pre-DICE THROW

Explosive Operations:

1. SOP 224-14-75, 7 July 1975; Operation No. 5, Cylindrical

In Situ Test. Arming and Detonation of Explosives.

2. SOP 224-14-75, 31 July 1975; Operation No. 8, Off-Loading

and Stacking Explosives, 100-Ton (90.7-Metric-Ton) TNT Test;

Operation No. 9, 100-Ton (90.7-Metric-Ton) TNT Stacking

Emergency Procedures; Operation No. 10, 7 August 1975, Fir-

ing Hook-Up and Detonation (100-Ton (90.7-Metric-Ton) TNT);

with Appendix I, High Voltage Firing System Description,

Appendix ii, Countdown for Pre-DICE THROW II, 100-Ton (90.7-

Metric-Ton) TNT Event and Memorandum dated 11 August 1975

requesting changes to SOP 224-14-75, Operation 10, from

LCDR E. W. Edgerton to Commander, WSMR, Attention SF.

3. SOP 224-14-75, 8 September 1975; Operation No. 9, 100-Ton

(90.7-Metric-Ton) TNT Stacking Emergency Procedures with

letter from Mr. H. F. Lozano, Chief, Warheads Branch, to SF

I'I-i
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requesting changes to SOP 224-14-75 Operation No. 9; Opera-

tion No. 11, Final Assembly of Booster-Initiation System

(BIS) (120-Ton (108.9-Metric Ton) ANFO Lvent); Operation

No. 12, Main Booster Assembly (MBA) Emplacement; Operation

No. 13, Main Charge Construction (120-Ton (108.9-Metric Ton)

ANFO Event); Operation No. 14, BIS Emplacement, Firing System

Hook-Up and Detonation (120-Ton (108.9-Metric Ton) ANFO).

4. SOP-224-36-75, 8 August 1975; Laser Operation for Pre-DICE

THROW at WSMR.

5. SOP 224-41-75, 11 September 1975; Laser Operations for Pre-

DICE THROW at WSMR.

Survey information pertaining to GZ 5 (TNT event) and GZ 6 (ANFO

event) are found in Defense Mapprng Agency Geodetic Support Activity

Topographic Center, White Sands Missilc Range, Survey Report No.

505-75, 12 August 1975; Survey Report No. 639-75, 1 October 1975; and

Survey Report No. 637-75, 1 October 1975. Survey Report No. 107-75

locates the CIST area and instrumentaCion vat,.

Tile ground zero locations for this series of tests were located

approximately 5,000 ft (1,524 m) southeast of the charge configuration

testing area (refer to Figure 2.1). The ground-water level in the

GZ 5 and GZ 6 area is approximately 7 ft (2.13 m) as opposed to ap-

proximately 50 ft (15.24 m) in the GZ 1 through GZ 4 area. This shal-

low water table was one of tile requirements for tile TNT test main ex-

perienLer MX experiments). The major objectives for each of these

events will be discussed in their respective test descriptions. The

Pre-DICE THROW II Summary Schedule is shown in Figure 2.2.

Pre-DICE THROW II FCTMOT Staff

LCDR Bill Edgerton - lest Group Director

Capt. Tom Edwards- Technical Director

Capt. Ernie Jaskolski - Test Group Engineer

Maj. Rich Palaschak - Program Coordinator

LCDR J. D. Strode - Program Coordinator/Deputy Test Group

Di rector
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I I
PR- DICE THROW II SUI

JUN JUL

2 6I9 13116 20123 27 30 A17 11114 18121 25 28

(CONFIGURATION SHOTS)
CONFIGURATION 21 PROCURE ANFO &

ST TNT 6T ANFO 6T ANFO DECISION
16 APR 30 APR 14 MAY 30 MAY

H,! -- -.w - -., "-.

30 REMOLD TNT & PREPARE FOR SHIPMENT 18

S"" 6 TON A'
Rt

. .. -.
. 
... . 1L '  PREPARE FOR 6 TON ANFO ADD-GN EVENT

CABLE TURNOVER

<II

- TESTBED CABLE INSTALLATION EXPERIMENT CABLE INSTALLATION SIK

V S VAN
VAN TURNOVER

SHIPPED 30 HOOKUP VANS 1 21 DRY RUNS

IECO.4 FCLG PICKUP VAN DELIVRED
REVIEW APPROVAL T&F VAN T&F CREW ON SITE W* 5 AR7ARWES lSTALL TlIMIG U FIRING SYSTEM 215 MiAR I APR

EIAPREPANDREVIEW7 V
- 7 RES ISTALL GROUND MOTION LINE

7 BRL INSTALL AIRBLAST LINE
L _ 

2 =

1I6 SANDIA INSTALL EXPERIMENTS 3p

GROUND
WES DRILLING & GROUIING DRILLING CREW #1 21 SOIL SANPLING 25 HOLES9 SAP

SAND
CIST READY DRILLING CREW #2 25 COL 29 H(

I 30 PREPARE CIST 1 , AFWL

I GROUTING CREW I..

I INSTALL SRI
7 EXPERIMENTS 24

I ISTALL SSS

12 SHIP SAMSO-TRW STRUCTURES 25 1E Z D INSTALL 14
. 29

l BRL INS

INSTALL SASO-TRW EXPERIEEINTS SN SDIA INSTALL EXPERIMENTS 25 INSTRU:

Figure 2-2. Pre-DICE THROW II Summary Schedule
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SUMMARY SCHEDULE OCT75
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6TON ANFO EVENT I
READYA I I\
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I N
I I I \
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IIII I \
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4SFF F1-FFF O TN 25 DRY RUNS 120T ANFO
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29 TR 30 HOLES 4 HOLES 9 116 WES (AM HOLES 30 1

NG CREW I__IA_-4_-_-__-_-_-_-I-
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Mr. Lou Stefani - Program Analyst

Mr. Noel Gantick- Instrumentation Engineer

Mr. J,a Sneed - Safety Engineer

Experimenters and Support Agencies

1. Air Force Weapons Laboratory (AFWL)

2. Ballistic Research Laboratory (BRL)

3. Defense Research Establishment Suffield (DRES)

4. EG&G, Inc.

5. U. S. Army Electronics Proving Ground (EPG) and U. S. Air

Force Aerospace Audio Visual Services (AAVS)

6. Lawrence Livermore Laboratory (LLL)

7. Naval Surface Weapons Center (NSWC)

8. Naval Weapons Evaluation Facility (NWEF)

9. Strategic Air Command (SAC)

10. Space and Missile Systems Organization (SAMSO) and TRW

Systems Group (TRW)

11. Sandia Laboratory Albuquerque (SLA)

12. Stanford Research Institute (SRI)

13. Kaman Sciences Corporation

14. Systems, Science and Software, Inc. (SSS)

15. Denver Research Institute (DRI)

16. U. S. Army Engineer Waterways Experiment Station (WES)

17. White Sands Missile Range (WSMR)

18. Hughes Aircraft Corp./U. S. Air Force Avionics Laboratory

19. Civil Engineering Research Facility (CERF)

20. The Ralph M. Parsons Company

21. United States Geological Survey (USGS)

22. Environmental Research Institute of Michigan (ERIM)

23. Southern Methodist University (SMU)

24. Ken O'Brien and Associates (KOA)

25. U. S. Army Missile Command (ARMCOM)

26. General Elect ic-TEMPO
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Chage Descriptions

1. CIST Construction Details

Figure 2-3 are photographs of the CIST assembly operations.

Refer to Figure 2-1 for the CIST location with respect to GZ 5 and

GZ 6. The CIST required a cased hole (with steel liner) 47 ft (14.3 m)

deep and 28 in. (71.1 cm) in diameter to contain the explosive (AFWL

hole designation LOl). The explosive used was 205 lbs (92.99 kg) of

400-grain (25.92 gram) PETN primacord with a weight distribution of

5 lbs (2.27 kg) per foot. The total depth of the charge from the

ground surface was 41.3 ft (12.59 m). The primacord was strung on

racks (Figure 2-4) which were hooked together as shown in Figure 2-5.

Figure 2-6 depicts the detonator/booster assembly.

2. 100-Ton TNT S urface-Tanqent Sphere (GZ 5)- Construction Details

A photograph of the completed TNT sphere is shown in Fig-

ure 2-7. The charge, with a radius of 7.87 ft (2.40 m), was placed

on a base made of 3 layers of 3/4-in. (1.91 ci11) plywood 18 ft (5.49 m)

in diameter. The lower hemisphere was supported with polystyrene blocks

tiat were cut to conform to the outer surface of the TNT. These poly-

styrene blocks were pre-cut and marked according to TNT layer prior to

stacking. Each layer of TNT was sprayed with an antistatic solution

(Anti-Static Compound "Statico," Regal Supply and Chemical Co. of El Paso).

The charge was designed by the Defence Research Establish-

ment Suffield (DRES), Ralston, Alberta, Canada. Details pertaining to

the bLdLkifIy plan, base and styrofo.... blocks are located in the DFS

Technical Support Plan. The booster was a 16-in. (4.64-cm)-diameter

sphere of Tetryl weighing 123 lbs (55.79 kg) and was placed in the cen-

ter of the TNT sphere during the stacking operation. Two aluminum

tubes were also placed within the stack for access to the booster

after the charge buildup (two detonators, X-128, inserted into the

booster during the arming process). Ionization probes were placed

along 13 radials within the charge to determine detonation velocity

and symmetry of detonation. Photographs indicating various stages

in the stacking operation are shown in Figure 2-8.

11-6
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II

Figure 2-7. Completed 100-Ton (90.7-Metric Ton)
TNT Surface-Tangent Sphere, Pre-
DICE THROW II

Lightning rods were equally spaced around the charge at

four locations, 30 ft (9.14 m) from charge center. These rods were

30 ft (9.14 m) high and hooked to ground cables as indicated in the

Technical Support Plan, Appendix U. An electrical poLenLial-measuring

device was also placed in the area to monitor the potential gradient

in the area. Floodlights were used to illuminate the GZ area during

the night stacking shifts.

The TNT blocks were procured from three places: DRES -

58 tons (52.6 metric tons); Iowa Ammunition Plant, Burlington, Iowa -

30 tons (27.22 metric tons); and Pueblo Army Depot, Pueblo (Avondale),

Colorado - 20 tons (18.14 metric tons). The TNT blocks from the DRES

and Pueblo locations had already been cast into 12xl2x4-in. (30.5x

30.5xlO.2-cm) blocks. The Iowa shipment had to be manufactured in

LII



Figure 2-8. 100-Ton (90.7-Metric-Ton) TNT Stack-
After One-Day Stacking (Top Photo),
After Two-Day Stacking ([Bottom Photo) ,
Pre-DICE THROW4 11
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cast blocks, with production starting 30 June 1975. The production

'vas handled by Mason and Hanger, Silas Mason Company, Inc., the con-

tractor who operates tile plant for the Army.

The as-built charge weight, excluding the booster, was

199,978.6 lbs (90,708.8 kg) of TNT. Table 2-1 indicates the assort-

ment and quantities of TNT blocks received at WSMR.

Table 2-1. 100-Ton (90.7-Metric-Ton) TNT Summary Data Sheet for
Explosives Received for Pre-DICE THROW I, Event 1

(CANADIAN) DRES EXPLOSIVE RECEIVED

Truck No. No. Boxes No. Blocks

1. (B/L K5584205) 638 503 1006 Whole
133 353 Partial

2 Boosters

2. (B/L K5584204) 600 1200 Whole

3. (B/L K5584206) 579 1158 Whole

TOTALS 3364 Whole
353 Partial

USA EXPLOSIVES RECEIVED

4. (B/L K8551440) 434 3'8 Whole

5. (B/L 1K3815(6) 588 l176 Whole

6. (B/L K85514,39) 504 1008 Whole

TOTALS 3052 Whole

NOTE: For additional information see Canadian General Electric
Company Limited letter of 26 August 1975 signed by
Mr. A. P. R. Lambert.

Ail:-- -- - - - --



3. 120-Ton (l108.9-Metric-Toni ANFO (GZ-6)J

The charge design, as shown in Figure 2-9, was a right-

circular cylinder, base-tangent to the ground surface, hemispherical

top, with a multiple detonating system. The charge was constructed

from pre-mixed bagged ammonium nitrate and diesel fuel, which is a

commercial blasting agent composed of 94.5 percent (by weight) ammonium 

nitrate and 5.5 percent Number 2 diesel fuel (ANFO). The length to

diameter (L to D) of the cylindrical section was 0.75 to 1.00 (refer

to Figure 2-10).

The ANFO was purchased from Bud Walter, Inc. of [stancia,

New Mexico. It was pre-mixed and bagged at the plant prior to its

delivery by truck to the WSMR Queen 15 site.

The Naval Surface Weapons Center (NSWC) had the following

responsibi li ties:

(I) Design ANFO stack

(2) Design, fabricate and emplace initiation system

!r

Figure 2-9. Completed 120-Ton (108.9-Metric-Ton) ANFO Charge,
Pre-DICE THROW II

\I. .....
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17.48'~
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Figure 2-10. ANFO Charge Design,
Pre-DICE THROW Il



(3) Supervise charge construction
(4) Monitor fuel oil content and particle-size distri-

bution of ANFO in charge, and
(5) Monitor internal temperature of charge up to time

of detonation.

(a) Boostering and Initiation System. Tile boostering

and initiation system was designed as a two-part system in order to

meet safety requirements as outlined in SOP 224-14-75. The system

consisted of a booster column containing 75/25 Octol (a very insensi-

tive explosive) called the Main Booster Asseiii)ly (MBA), and an arming

column containing pentolite, detonators and cabling called tile Booster

Initiation System (BIS). During charge construction, only the MBA was

in place. At arming time, tile BIS was lowered into the MRA.

The MBA consisted of the following: A piece of

5-in. (12.70-cm)-diameter (I.D.), 5.5-in. (13.97-cm)-diameter (O.D.),

Poly-vinyl-Chloride (PVC) pipe. 20 ft (6.10 m) long, around which

were placed seven discs of Octol, as shown in Figure 2-11. Each

disc of Octol was 12 in. (30.48 cm) in diameter, 5 in. (12.70 cm)

high and weighed approximately 29 lbs (13.15 kg). The discs were held

in place with PVC flanges, cemented to both the pipe and to the Octol.

Surrounding the Octol was a cardboard construction tube Ll/4-in. (0.64-

cm) wall thickness], 12 in. (30.48 cm) in diameter (I.D.), 20 ft (6.10 m)

long. Figure 2-12 shows a photograph taken during the placement of tile

MBA.

The BIS consisted of the following: A 4.5-in.

(ll.43-cm)-diameter (O.D.), 4.0-in. (l0.16-cm)-diameter (I.D.), piece

of PVC pipe 22 ft (6.71 m) long. Into this pipe were placed seven

pentolite discs, each weighing approximately 2 lbs (0.91 kg), as is

shown in the assembly sketch, Figure 2-13. Refer also to the photos

in Figure 2-14. Each pentolite disc was equipped with two exploding

bridge-wire detonators, type RP-I, manufactured by Reynolds Industries.

The seven detonators on the upward sides of the pentolite discs were

considered the primary system, with the seven on the bottom as a back-up

I-I6



PVC Pipe

Construction{

Octol Booster-

(6.10 cmi)

PVC Flange

2.32'
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Figure 2-11. Main Booster Assembly(MBA),

Pre-DICE THROW II
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Figure 2-13. 120-Ton ANFO Booster Initiation System (BIS),
Pre-DICE THROW 11
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I2

r-iqUre 2-14. Pen tol ite Discs (Top Plhoto), DummIIIy
BIS Inserted Into MBA (Bottom Photo),
Pre-DICL THROW 11



system. Each system of seven detonators was connected in series, using

Reynolds high-voltage cable, and fired by its own firing supply.

In the armed position, each pentolite disc was oppo-

site an Octol disc. The weights of the Octol and Pentolite in the

BIS/MBA are presented in Table 2-2.

(b) Construction Details. Construction commenced on

Wednesday, 10 September 1975, with 40 tons (36.3 metric tons) of

ANFO being loaded. At this point, the charge was covered with a 6-mil

plastic cover and stacking operations were suspended for the day.

Rains and high winds prevented further operations until Saturday,

13 September. Upon removing the cover from the charge, it was dis-

covered that a portion of the stack had collapsed (see Figure 2-15).

The cause of the collapse was attributed to a combinatior of a faulty

stacking plan and water leaking into the ANFO stack (Aumonium Nitrate

is extremely soluble in water). It was decided to remove all the

material that had already been stacked, and to begin again. A new

stacking plan was developed and eventually used for the entire 120-ton

(108.9-metric-ton) stack. This revised plan is similar to that used in

the TNT stack. As many of the ANFO bags as could be salvaged were

re-used in the new stack. Stacking re-conmienced on Monday, 14 September,

and was completed on Wednesday, 16 September. Detailed dimensions of

the completed charge are presented in Tables 2-3 and 2-4.

The stacking crew consisted of 11 workers: 7 men

from, the University of New Mexico Civil Engineering Research Facility

(CERF), 3 stacking supervisors from NSWC/WOL and one-half time from both

the DICE THROW Technical Director and a White Sands Missile Range

(WSMR) conveyor operator. A total of 297 man-hours were required in

restacking the entire 120-ton (108.9-metric-ton) charge.

The internal temperature of the stack, as well as

the air temperature, was monitored with a dual-channel thermistor

recorder. The stack sensor was located in the fourth layer above the

base, about 3 ft (0.91 m) from the edge of the charge.
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Fi qurT 1-15. Co~ 11 ps ed ANFO Stack, Pre-DIiL TIIRO4 11,
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Table 2-3. Details of Cylindrical Section

Layer Height* Design Height*
Layer Radius Above Ground Above Ground
Number Feet Meters Feet Meters Feet Meters

1 8.74 2.66 0.21 .06 0.20 .06
2 0.62 .19 0.61 .19
3 1.04 .32 1.02 .31
4 1.45 .44 1.43 .44
5 1.86 .57 1.84 .56
6 2.28 .69 2.25 .69
7 2.69 .82 2.66 .81
8 3.10 .94 3.07 .94
9 3.52 1.07 3.48 1.06

10 3.93 1.20 3.89 1.19
11 4.35 1.33 4.30 1.31
12 4.76 1.45 4.71 1.44
13 5.18 1.58 5.12 1.56
14 5.59 1.70 5.53 1.69
15 6.00 1.83 5.94 1.81
16 6.42 1.96 6.35 1.94
17 6.83 2.08 6.76 2.06
18 7.24 2.21 7.17 2.19
19 7.66 2.33 7.58 2.31

20 8.07 2.46 7.99 2.44
21 8.49 2.59 8.40 2.56
22 8.90 2.71 8.81 2.69
23 9.30 2.83 9.21 2.81
24 9.71 2.96 9.63 2.94
25 10.12 3.08 10.04 3.06
26 10.52 3.21 10.45 3.19
27 10.93 3.33 10.86 3.31
28 11.34 3.46 11.27 3.44
29 11.75 3.58 11.68 3.56

30 12.15 3.70 12.09 3.96
31 12.56 3.83 12.50 3.81
32 Y V 12.97 3.95 12.90 3.93

*To Center of Layer

11-24
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Table 2-4. Details of Hemispherical Cap

Layer Height* Design Height*
Layer Radius Above Cylinder Above Cylinder

Nunber Feet Meters Feet Meters Feet Meters

33 8.74 2.66 0.19 .06 0.22 .07
34 8.60 2.62 0.57 .17 0.b0 .20
35 8.43 2.57 0.95 .29 1.10 .34
36 8.19 2.50 1.33 .41 1.54 .47
37 8.02 2.44 1.71 .52 1.98 .60
38 7.85 2.39 2.09 .64 2.42 .74
39 7.65 2.33 2.47 .75 2.86 .87
40 7.44 2.27 2.85 .87 3.30 1 01
41 7.10 2.16 3.23 .98 3.74 1.14
42 6.77 2.06 3.61 1.10 4.18 1.27
43 6.44 1.96 3.99 1.22 4.62 1.41
44 6.02 1.83 4.37 1.33 5.06 1.54
45 5.60 1.71 4.75 1.45 5.50 1,68
46 5.10 1.55 5.13 1.56 5.94 1.81
47 4.56 1.39 5.51 1.68 6.38 1.94
48 3.85 1.17 5.89 1.80 6.82 2.08
49 3.32 1.01 6.Z7 1.91 7.26 2.21
50 2.91 .89 6.65 2.03 7.70 2.35
51 2.10 .64 7.03 2.14 8.14 2.48
52 1.74 .53 7.41 2.26 8.58 2.62

*To Center of Layer

Samples were taken from each layer of the charge and

analyzed for both fuel oil . vitent and particie-iLJe distributio.

(refer to the photo's in Figure 2-16). In addition, several samples

were collected at the mixing plant in Estancia, just prior to ship-

ment. Based on 203 samples, the average ANFO bag in the charge weighed

50.82 lbs (23.05 kg), with the empty bag weighing 0.5 lb (0.23 kg).

The total amount of material loaded into the charge was 123.62 tons

(112.15 metric tons) (this figure includes the weight of the paper

bags, booster, PVC pipe and flanges, cabling and cardboard tubing).

The weight of the ANFO and booster was 122.45 tons (111.09 metric tons).
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Figure 2-16. Particle-Size Distribution and Fuel Oil
Content Measurements made by NSWC, Pre-
DICE THROW 11
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FIRING
PULSE

TC-369 PULSE TAPE
TRANSVERTER STRETCHER RECORDERS

- __ CONTROL VAN

-. (*'J

LU LUJ
LIU LU -

TC-130A TC-185. 150 LU.(LU.LU

PreDIE TRO I

- -j

JFIFIDf X-L1IN1T TRANSFORMER

f7
150 f t.(45. 72 m)~ TYPE "C" H.V. CABLE

RP-l OR SE-i EXPLODING
ABRIDGEWI1RE DETONATOR

Figure 2-17. AFWL CIST Firing System Block Diagram,
Pre-DICE THROW 11
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all cables from the console unit to the X-unit firing supply are dis-

connected from the console and the cable connectors locked in a box.

(2) Tile arming party will have the keys to the firing

system and to the lockbox in which all cables going to the field con-

ponents have been secured. After the arming party has placed tile

detonators in the boosters and completed hookup of the detonator leads

to the firing line (at the safety relay box), they will return the

keys to the control unit operator. At tile appropriate time in the

countdown, the key to tile lock switches will be inserted and tile unit

turned on. Tile firing supply cables are removed from the lockbox and

reconnected. The remote indicating devices are observed and tile T&F

operator will he apprised of a "go" or "no-go" condition. After this,

the firing sequence is under the control of the T&F console.

(3) When the countdown sequence reaches zero time, a

28-volt trigger pulse is sent to tile X-unit which discharges tle high

voltage, firing the detonators.

The system described previously was used with two

RP-l detonators fired in parallel from one X-unit for the TNT event.

j The ANFO event firing required two X-units, each having seven RP-I

detonators in series, as shown in Figure 2-13.

CABLE REQUIREMENTS

PROJECT TITLE: Cable Coordination - Support to DNA Field Command

PROJECT OFFICER: Mr. R. Ward, EG&G, Inc. (702) q86-9252

SUPPORT DESCRIPTION: The cable required for Pre-DICE THROW I

was obtained from tile DNA cable storage area at NTS. The ex-

perimenter cable requirements were obtained by Field Command

via the Technical Support Plans. The majority of the cable

used on the 100-ton (90.7-metric-ton) TNT event was also used

on the 120-ton (108.9-metric-ton) ANFO event (refer to Figure

2-1 for layout of both events with respect to the instrumenta-

ion park). Table 2-7 indicates the cable distribution to the

experiment agencies for both events.
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ENVIRONMENTAL MONITORING

Samples of soil and water were taken from the Pre-DICE THROW II

site locations for analysis. A letter report written by G.E. TEMPO

descrioes the results of these analysis. Refer to the photographs

in Figure 2-19.

QUEEN 15 PRE-DICE THROW II SITE AND EXPERIMENT LAYOUT AND DESCRIPTION

Site Descriptio

The overall testing area for the CIST, TNT and ANFO events

is shown in Figure 2-1. An area of approximately 40,000 ft2 (3716.12 n2)

was cleared around GZ 5 and GZ 6 to acconmuodate the experiments and

technical photography requirements. Each of the events had unique site

preparations, and they will be addressed later.

CIST Experiment Description (DNA Project No. 160-72)

AFWL PROJECT OFFICER: Mr. C. Noble

TEST OBJECTIVE: This test was designed to measure the dynamic

response of the site area geology to a cylindrically sym-

metrical high-explosive shock input, the data obtained pro-

viding a data base from which the in-situ dynamic material

properties may be determined. These properties are required

to adequately define the constitutive relationships needed

for free-field computer calculations.

The CIST site layout is shown in Figure 2-20. Figure

2-21 shows the ground structure and gages. Four types of

weasurements were made: cavity pressure, acceleration

(horizontal and vertical), stress and strain. A total of

44 channels of data were recorded. Cavity pressure was

measured at six locations inside the main CIST pipe. Ac-

celeration measurements were made out to 75 feet (22.86 n.)

from GZ (total of 32 gages). The six stress and strain

measurements were made 5 and 8 feet (1.52 and 2.44 m) from

GZ. Refer to Figures 2-22, 2-23 and 2-24 for details on

gage placement and nole locations. Table 2-8 indicates

the hole diameters and depths. A block diagram of the

CIST instrumentation is shown in Figure 2-25.
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Test Control
Building

Ins trumen tat i on
Park

(152.4 mi

roo

CIST Instrumentation CIST

Van Gz

CTCT z Location.

x = 490521.64' (149511.00 m)
y = 541537.03' (165060.49 m)
E = 4199.78' (1280.09 m)

Figure 2-20. AFWL CIST Site Layout,
Pre-DICE THROW II
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Figure 2-23. AFWL CIST Hole Configuration, Pre-DICE THROW II
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Pre-DICE THROW 11
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Table 2-8. Transducer Hole Configurations - CIST

Hole Number Diameter Depth

(inches) (cm) (feet) ()

LOl 28 71.12 41.3 12.59

L02 7 17.78 23 7.01

L03 7 17.78 42 12.80

L04 7 17.78 23 7.01

L05 7 17.78 42 12.80

L06 7 17.78 23 7.01

L07 7 17.78 42 12.80

L08 7 17.78 23 7.01

L09 7 17.78 23 7.01

LID 7 17.78 3 .91

Lll 7 17.78 3 .91

L12 7 17.78 12 3.66

L13 7 17.78 12 3.66

L14 7 17.78 3 .91

L15 7 17.78 3 .91

L16 7 17.78 12 3.66
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PR_-.DICE THROW II., EVENT 1(NT) AND EVEN[ 2 (ANO__EXPERIMENT

DESCRIPTIONS (Refer to Figures 2-26 and 2-27 for the test-bed lay-

outs for these events)
1. Air Force Weapons Laboratory (AFWL)/Civil Engineering Research

Facility (CERF)

TITLE: Debris (EJecta) Measurements (DNA Project No. 160-73)

PROJECT OFFICERS: Dr. R. llenny (AWFL) and Mr. G. Jones

(CERF)

OBJECTIVE: Measure ejecta and correlate crater measurements
with prior events.

EXPERIMENT DESCRIPTION: (Refer to Figures 2-28 and 2-29)

Ejecta collectors were placed on four radials extending
from 100 to 750 feet (30.48 to 228.60 in). These collectors
included cylindrical-shaped bins (placed above the ground

surface). In addition, many conventional pan collectors

were placed in the test area to identify ejecta density.
Post-event measurements of ejecta thickness were made near
the crater lip. An examination of missile size and ground

coverage was made on Event 2.
2. AFWL/Environmental Research Institute of Michigan (ERIM)/

U. S. Geological Survey (USGS)/Southern Methodist University (SMU)

TITLE: Seismic Measurements (DNA Project No. 160-76)
PROJECT OFFICERS: Mr. R. Zbur (AFWL), Mr. R. Turpening (ERIM),

Mr. d. lloffman (USGS), and Dr. G. Herrin (SMU).

OBJECTIVES: (1) Profile the test-bed area pretest by obtain-
ing seismic refraction and reflection data and study deep-

basin structure by analyzing motions generated by tL,0 tests;

(2) Study charge-coupling phenomena and equivalency of
comparable TNT and ANFO charges.

EXPERIMENT DESCRIPTION: (Refer to Figures 2.-30 and 2-31).

Thirty-one stations of accelerographs to monitor seismic
strong motion were placed in and around the testing area
(500 ft (152.4 m) from GZ out to approximately 7 miles

1: -43
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Figu~re 2-31. Typical Seismic Electronic Package Used On
Pre-DICE THROW 11

( 1 .2 7 kin) ). Refer to Figure 2-3i foi- a viewq of a typical
selsmograph station.

3. AFWL

TITLE: Near-Source Ground Motion Measurements (DNA Project

No. 160-74)
PROJECT OFFICER: Mr. J. RenicK

OBJECTIVE: Provide near-source measurements of soil motion

for comparing the TNT and ANFO sources.
EXPERIMENT DESCRIPTION: (Refer to riguire 2-32.) The trants-

ducers fielded were mutual inductance particle velcoci meters

(MIPV) developed by the AF14L. Refer toTble 2-9 for gage



V t,

14 _1

I Figure 2-32. Pre-DICE THROW II, Events 1 and 2,
AFWL Ground-MIoti on Measur-eme nt Sys temis



Table 2-9. Mutual Inductance Particle Velocimeter Locations
and Predictions, Pre-DICE T11ROW 11, Events 1 and 2

P rt I Partile

Event Gage Lentth Vept Stress Velocity

PDI1i-1 1 5 63.,50 1.81 .55 70 1.10

POT1-1 2 35 88. 90 1.17 .36 85 1.25

POT I1-1 3 35 -8.90 1.38 .4 80 1.20
POT I I-2 1 45 114 .30 1.08 .33 40 .75
POTI 1 -2 2 36 91.44 2.12 .65 25 .60

PVTII-2 3 24 60.96 3.17 .97 18 ,10

design parameters and placement informtation. Three gages

were placed under the charges on each event in narrow
radial trench-s and backfilled with a low strength grout

as shown in Figiure 2-33.

The orientation of the gages of the TNT event was ap-

proximately 10 de& res from vertical to .~ign the gages

with the expected flow field. On the ANFO event, the 9ages
were oriented vertically. The power supplies were located

near the gaqes. Refer to POR 6918 for further details of

this experiment.
4. ballistic Research Laboratory (BRL)

TITLE: Free-Field Airtlast Measurements (refer to Figures

2-34, 2-35 and POR 6915) (DNA Project No. 160-63).
PROJECT OFFICER: Mr. G. Teel

OBJECTIVE: Documnt the free-field airblast environmnt

parameters and prepare pre-test predictions.
EXPERIMENT DLSCRIPTION: Twenty- to channels of pressure-time

ins trumentation were installed on the TNT event. The in-
strument lcations were chosen to coincide with the loca-

tions of the Waterways Experiment Station (WES) ground
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motion stations. All measurements were configured to

measure the side-on or incident-pressure time histories.

Forty-four channels of instrumentation were recorded
on the ANFO event. The channels were divided as follows:

(1) twenty-nine side-on at the ground surface; (2) five
side-on at 3 feet (0.91 m) above the ground; and (3) ten

total-head or stagnation-pressure measurements. The sta-

tions located at ground ranges of 40, 70, 110 and 160 feet

(12.19, 21.34, 33.53 and 48.77 m) were chosen to compare

directly with the results of Event 1. Refer to Figure

2-36 for photographs of the gages and their mounts.

On Event 1, BRL supported the MX Trench Experiment by

installing and recording pressure gages to monitor wall

static pressure inside and overpressure outside tle

trenches (refer to MX Trench experiment description for

exact locations). Nine gages were mounted inside trench

number one, and six others outside the trench, Eight gages

were mounted inside trench number two; six gages inside

trench number three and six also inside trench number

four. Two additional gages were placed near the entrance

to trench number four.

5. Canada-Defense Research Establishment Suffield (DRES)/Canadian

General Electric Co. (CGE)

TITLL: TNT Charge Design and CoiLrut;Lion (DNA Project No.

160-65, POR #6913)

PROJECT OFFICERS: Mr. R. Klymchuk and Mr. R. Naylor (DRES)/

Mr. A. Lambert (CGE)

EXPERIMENT DESCRIJTION: Refer to the section on Charge Des-

criptions for details concerning this effort.

6. Cdnada (DRES)

TITLE: Detonation Velocity Measurements (POR #6913)

PROJECT OFFICER: Mr. R. Naylor

OBJECTIVE: Measure the detonation velocity of tile TNT charge.
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Fi gure 2-36. Pre-DICE THROW II, Events 1 and 2,
BRL Airbiast Transducers and Their
Mounts



EXPERIMENT DESCRIPTION: (Refer to Table 2.10, and Figures

2-37 and 2-38.) Fifteen ionization pins were placed within

the TNT stack during the construction of the charge. Two
of tile pins were located at the interface between the 16-

in. (40.64-cm)-diameter tetryl booster and tile TNT blocks.

The remaining thirteen pins were equally spaced on the

longitudinal circumference of the charge, three on layer 8,

six on layer 24, three on layer 41 and one on layer 48.

7. Lawrence Livermore Laboratory (LLL)

TITLE: 120-Ton (108.9-Metric-Ton) ANFO Charge Explosive Per-

formance (DNA Project No. 160-54)

Table 2-10. Stack and Probe Geometty, Pre-DICE THROW II,
Event 2

Probe Radius Azimuth Layer

(in.) (cm) (degrees)

1 94.28 239.47 4 8

2 94.50 240.03 124 8

3 94.10 239.01 244 8

4 94.25 239.40 4 41

5 94.35 239.65 124 41

6 94.16 239.17 244 41

7 94.50 ?40,03 4 24

8 96.60 245.36 64 24

9 94.50 240.03 124 24

10 94.50 240.03 184 24

11 96.80 245.87 244 24

12 94.50 240.03 304 24

13 96.50 245.11 19 48

4 8. 20.32

15 8. 20.32
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PROJECT OFFICER: Mr. M. Finger and Mr. E. Lee

OBJECTIVES: Assess the dynamic performance of the explosive

material, and ascertain tile simultaneity of tile initiators

used to detonate the booster column of the ANFO stack.
EXPERIMENT DESCRIPTION: Three 16-in. (40.6-cm)-long rate

sticks and one 6-ft (182.9-cm)-long rate stick were em-

bedded in the ANFO stack to record the tii- the detonation
front passed a recording station. The rate sticks con-

sisted of a phenolic rod or substrate with barium titanate
BaTiO3 self-generating electric pins mounted at known

intervals along the stick. The ratio of pin separation
to differential pin time is tile detonation velocity;

D = Ax/At. Refer to Figure 2-39 for rate stick placement.

Each of tile three short rate sticks had eight signal
pins and a parallel pair of trigger pins. The trigger pin

pairs fed individual trigger lines connected to three ras-

ter oscilloscopes. The pin signals fed into a single com-
pensated signal line through a diode mixing box. The pin

signal line was cascaded to the three raster oscilloscopes.
Time-sharing was acconuodated with space -separated triggers.,

Rate stick No. 1 was 6 in. (15.2 cm) from the booster

container, in line with the second booster, and directed
in the NE quadrant of the stack. Rate stick No. 2 was

42 in. (i06.7 cm) from Lhe booster container, betwcen the

fifth and sixth boosters, and also directed in the NE
quadrant. Rate stick No. 3 was in the loose ANFO, filling
tile void between the outer and inner cardboard material

supporting the high-explosive ring charges. The last pin

on this rate stick was 10.5 in. (26.7 cm) below the top

20 ft (6.1 m) of the booster container. This allowed over-

lap of the last pin on rate stick No. 2 with the first

pin on rate sticK No. 3. The overlap was used to correlate

signal identification. Between rate stick No. 1 and rate

11-(0



SS-3

.S-

@6

5 S-2

.4

0.3
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stick No. 2, where there was no signal overlap, continuity

was accomplished by starting a Time Interval Meter (TIM)

with the trigger pulse from rate stick No. I and stopping

the TIM with the trigger pulse from rate stick No. 2.

Thus, the three separate rate sticks were effectively

joined in time. Table 2-11 shows the individual pin spac-

ing for each rate stick.

The magnetic probe used on the Pre-DICE THROW II ANFO

stack was designed to produce a pulse shape corresponding

to the particle velocity of the embedded plate. For this

reason the probe had an aspect ratio of 2:1, and a separa-

tion from tile plate to the sense coil/magnet face of ' in.

(5.08 cm). The magnet, a nominal 0.98 x 0.98 in. (2.5 x

2.5 cm) right-circular barium ferrite, 3700 gauss cylinder,

was calibrated prior to being installed on tile shot. A

nine-turn circular coil serving as tile sensing element
had a mean radius of 135.4 mm. This coil size required a

large plate size which turned out to be 27 in. (68.6 cm)

2 on a side.

Table 2-11. Measured Rate Stick Pill Spacing

Rate Stick Rate Stick Rate Stick
No. 1 No. 2 No. 3

Spacing Spacing Spacing
Pin Numbers 01,1 WImm

1-2 58.4 57.9 55.2

2-3 57.0 57.4 54.8

3-4 57.6 57.4 53.9

4-5 57.7 57.6 58.4

5-6 57.6 57.3 55.6

6-7 57.5 57.0 65.5
7-8' 57.9 57.8 52.2

1-8 403.7 402.4 343.4*

*Spacing for pins 1 through 7



4

The probe was originally intended to be buried in the

ANFO stack. However, due to unforeseen circumstances, the

rectangular stacking arrangement was abandoned and the

probe was secured to the NE stack perimeter about 5 ft

(1.5 in) off the ground. The rear side of the plate was
butted against the overhanging bags of explosive, and the

voids were filled with loose ANFO. This arrangement proved
to be very satisfactory since the driver explosive appeared

homogeneous and the large radius of curvature gave a one-

dimensional aspect to tile experiment. In all, approxi-
mately 250 lbs (113.40 kg) of explosive were used for the
appendage with an estimated density of 0.84 g/cc.

Two coaxial lines, a compensated RG-331/U signal line

and an RG-213/U trigger line, connected the probe to the

recording equipment. Four barium titanate trigger pins at
the corners of the embedded plate were connected in parallel
to feed the trigger line. The trigger line was terminated
at a Tektronix Type 556 dual-beam oscilloscope and a Type

7912 transient digitizer. The trigger pins extended into

the driver explosive a distance sufficient to overcome the

difference in propagation velocity between RG-213/U cable

and RG-331/U as well as providing sufficient run-up to

properly frame the record.

Signal and trigger lines were calibrated using a loop-

around technique which amounted to a quality time-domain

reflectometer. With the loop-around technique half-micro-

second wide, 0.4-volt square-wave calibration signals were

sent down one line and returned on another. The compen-

sators used on the signal lines reduced the amplitude of

the pulses by preserving phase delay giving an effective

rise time of 10 ns over a cable length of 5500 ft (1676.40 i).

11-63



8. Naval Surface Weapons Center (NSWC)

TITLE: 120-Toh (108.9-Metric Ton) ANFO Charge Design and

Stacking Supervision (DNA Project No. 160-64)

PROJECT OFFICERS: Mr. J. Petes and Mr. M. Swisdak

EXPERIMENT DESCRIPTION: Refer to the section on Charge Des-

criptions for details pertaining to this effort.
9. Naval Weapons Evaluation Facility (NWEF)

TITLE: Aircraft Component Experiment (DNA Project No. 160-69)
PROJECT OFFICER: Mr. P. Hughes

OBJECTIVE: Obtain preliminary information on the structural
response of an instrumented F-4 wing trailing-edge-flap-
panel to the blast, produced by Pre-DICE THROW II, Event 2.

The data on this test will be used in planning the config-
uration and the instrur'ontation requi rements for the A-4C
Aircraft test specimen which will be exposed to the DICE

THROW blast.

EXPERIMENT DESCRIPTION: Refer to Figures 2-40, 2-41 and 2-42.

The test article was mounted on two vertical poles located

Figure 2-40. Pre-DICE THROW II, Event 2 NWEF
Aircraft Component Experiment
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at the 1000-ft (304.80-m) range (3.7 psi (25.5 kPa)). To

minimize edge effects, plywood panels were installed flush

with the flap panel. Two smaller panels were instrumented

with strain gages. These gages (Figures 2-41 and 2-42) were
installed on the upper-skin outside and inside surfaces as
well as on the web of tile rib which made up the outboard
boundary of panel number one. Pressure gages were also
installed to monitor the overpressure at the pane' surface.

10. Strategic Air Command (SAC)
TITLE: SAC Electro-Optical Viewing System (EVS) Experiment

(DNA Project No. 160-50)
PROJECT OFFICERS: Maj. B. Stephan and Capt. J. Riggs

OBJECTIVES: Determine the usefulness of the B-52 EVS as a
damage assessment device and provide system operation data.

EXPERIMENT DESCRIPTION: Two B-52 aircraft from K.I. Sawyer

Air Force Base, equipped with the EVS (steerable low-light-
level T.V. and infrared scanners) and video recorders par-
ticipated on each event. They were prepositioned on a syn-
chronized elliptical flight path that crossed the ground
zeros at nine-minute intervals. Low-altitude passes were
made over the ground zero of each event to record tile am-
bient signature, the actual detonation and changes in the
crater infrared-signature over time. Operating altitudes
varied from 2000 ft (609.60 m) AGL to 500 ft (152.40 m)
AGL with track offsets of 0 - 2000 ft (0 - 609.60 m) from
the ground zeros.

11. Space and Missile Systems Organization (SAMSO)/TRW Systems
Group (TRO)/The Ralph M. Parsons Co./Karagozian and Case

(a) TITLE: MX Debris Collectors (Bins and Barriers) (DNA
Project No. 160-55)

PROJECT OFFICER: Maj. D. Gage (SAMSO)/(K&C)

OBJECTIVE: Study debris buildup in scaled MX land-mobile

entry ways.
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EXPERFAENT DESCRIPTION: (Refer to Figures 2-43 and 2-414

and Pre-DICE TItROW 11-1 Debris and Trench Tests Final
Report, 6 November 1975, Karagozian and Case.) The

A Debris Test was located in the second 120-degree sector

clockwise from the main free-field gage line as indi-

cated in Figure 2-26. The test consisted of three dif-

ferent types of collectors:

1. Bins placed flush with tle ground surface to
establish the amount of debris entrapment.

2. Barriers placed flush or above ground to obtain

debris profiles around typical structures.
3. Control pads to obtain free-field debris measure-

ments within the area of the bins and barriers.

Figure 2-43 shows the placement design of these test
articles within tile 120-degree sector. Tile experiment

consisted of 13 concrete bin structures and 13 concrete
barrier structures placed along arcs at radii of 1O0 and

120 feet (30.48 and 36.58 m), and 27 free-field steel

collector pads set flush with th1e ground throughout tle

Debris Test area.

The bins were 20 in. (50.80 cm) deep, 12 in. (30.'18 cm)

wide, and various lengths with 6-in. (15.24-cm) thick

reinforced concrete bottoms and walls. The barriers were

open ended channels 12 in. (30.48 m) wide and various

lengths and depths with 6-in. (15.24 m) thick reinforced
concrete bottoms and walls. rhe collector pads were 18-
by 18-in. (45.72- by 45.72-cm)-square 10-gage steel plates.

The bins were all placed with the long axis radial to

ground zero and top of concrete flush with the surround-

ing greund surface. The barriers were placed with the

open end of the channel at various angles and at different
depths of burial, depending upon their angular alignment.

The bariers were anchored to tile ground. Refer to tile

photographs in Figure 2-44.
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Figure 2-44. MX Bins (Top Photo), Barriers (Bottom Pho0to), and
Collector Pads, Pre-DICE THROW II, Event 1
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(b) TITLE: MX Trench Test (Project No. 160-56, POR #6906)

PROJECT OFFICER: Maj. D. Gage (SAMSO/K&C)

OBJECTIVE: Determine the response of soft tunnels and

measure viscous flow inside extended pipes when sub-

jected to explosive airblast loading.

EXPERIMENT DESCRIPTION: (Refer to Figures 2-45 through 2-48)

The Trench Test was located (as shown in Figure 2-26) in

the first 120-degree sector clockwise from the main gage

line. The test consisted of the following five items:

Trench 1. A radially-placed open-ended trench, 500 ft

(152.40 m) long and extending in as close

to ground zero as possible.

Trench 2. A tangentially-placed closed-ended trench,

500 ft (152.40 m) long and extending into

the predicted 1000-psi (6894-kPa) station.
Trench 3. A radially-placed open-ended trench, 250 ft

(76.20 m) long extending to within 250 ft

(76.20 m) of ground zero.
Trench 4. A small-diameter radially-placed open-ended

trench, 250 ft (76.20 m) long extending to

within 250 ft (76.20 m) of ground zero.

T-Junction. A chamber vented to the surface.

The four trenches and the T-junction were placed as shown

in Figure 2-45. Trenches 1 and 2 each simulated a soft

trench (simulating failure) for the first 250 ft (76.20 m)

and hard trench (survivable) from 250 to 500 ft (76.20 to

152.40 m). Trenches 3 and 4 were both hard trenches.

Trenches 1, 2 and 3 were fabricated using 24-in. (60.96-cm)-

diameter steel pipe with 0.25- ind 0.283-in. (0.64- and

0.283-cm) wall thickness. Trench 4 was fabricated with

6-5/8-in. (l.59-cm)-diameter steel pipe with 10-gage wall

thickness.
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Figure 2-47. MX Trenches Being Readied for I ns trumentati on
Hookup, Pre-DICE THROW4 11
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Fi gure 2-48. MX Trench Test Photographs, Pre-DICE THROW II
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The pipes for Trenches 1 and 2 were placed in the ground

with tile crown 3 in. (7.62 cm) above the ground surface.

Trenches 3 and 4 were placed with the invert, flush with

the ground. All of the pipe of the hard trenches was cov-

ered with 8 in. (20.32 cm) of dirt to minimize pretest
heating of the pipe. The placement design for tile pipes

and the entrance and exit configurations are shown in

Figure 2-46. Refer to Figure 2-47 for photographs of two

of the trenches.

Trenches 1 and 2 were located in tile area where large

crater-induced motions were anticipated. To prevent

these motions from propagating lengthwise along tile steel
pipe, sections near the expected crater were cut 10 ft

(3.05 m) long and placed with 6-in. (15.24-cm) gaps be-

tween sections. At ranges where smaller ground motions

were expected longer length sections were used, the sec-
tions were anchored, and 6-in. (15.24 cm) gaps were

placed between sections out to a range of 250 ft (76.20 i).
The two trenches above ground (3 and 4) were anchored to

resist asymmetrical airblast loadings.

The soft portions of Trenches 1 and 2 were simulated
by cut-out panels placed back in tile pipe sections with

glass clips for support. Tile glass clips assured that
tie panels would be blown out or in by the pressure
without being sensitive to variations in peak pressure

or impulse magnitudes. Refer to tile photograph in Fig-

ure 2-48 (top photo).

The trenches were instrumented with pressure trans-

ducers and transducers for viscous-flcw phenomenology
measurements (wall shear-stress, wall temperature and

total pressure). Time-of-Response (TOR) gages were placed
on soft panels of Trenches 1 and 2. These measurements
were made by BRL. Refer to Figure 2-48 (bottom photo).
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Each measurement item was given a Measurement Humber

for identification purposes. Table 2-12 summarizes the

measurements installed on each trench test article.

The pressure and temperature gages were mounted in a
brass plug that was in turn mounted in a steel block

welded to tile pipe sections. Tile brass plugs were each

fitted to a block and then shipped to the instrument sup-
plier for mounting of tile gage in the plug and later

installation into pipe at the test site.

Tile TOR gage consisted of a breakwire placed between

tile soft panel and the pipe section at one side of the

panel. By laboratory tests it was demonstrated that

relative shear-type displacement of 0.075 in. (0.19 cm)
broke the wire which then triggered a change in the volt-

age output of the coder. There were four wires to each

coder and six coders pet- trench. For each trench the

output of tile coders was sampled at the rate of once

per 50 microseconds. Each trench had a separate multiplexer.

Cables were run from each shear-stress, wall-tempera-
ture, total-temperature, and total-pressure gage to a
vault located betmeen Trenches 1 and 2 for signal condi-

tioning and then on out to the instrumentation vans.
Cables were run from each TOR gage to a second vault

located clockwise from Trench 2 for multiplexing and then

on out to the instrumentation van. The cables for each
pressure gage ran directly to the instrumentation van.

(c) TITLE: MX Structures Test (DNA Project No. 160-57, POR #6907)

PROJECT OFFICER: Maj. D. Gage (SAMSO/Parsons)

OBJECTIVES: (1) Determine the response mechanism of thick-

walled cylinders of low-tensile strength buried with a

depth of cover of one-quarter diameter; (2) Compare the

response modes and magnitudes of response of cylinders

segmented longitudinally by weakened planes with similar

11-77



Table 2-12. MX Trench Test Measurement Suninary

SAMSO Total
Measurement Trench No. of

No. Measurement Type No. Ground Range - Feet(Meters) Gages

1501 thru Pressure 1 36 - 490(10.97- 149.35)
1509

875 thru Time of Response 45-242.6(13.72-73.94) 22*
876

1510 thru Pressure 2 112- 490(34.14- 149.35) 8
1517

971 thru Time of Respoo-ze 74.25-248.56(22.63-75.76) 24
994

001 thru Shear Stress 3 325- 490(99.06 - 149.35) 4
004

009 010 Wall Temperature 385- 490(117.35-149.35) 2

013 014 Total Temperature 385(117.35) 2

015 016 Total Pressure 385(117.35) 2

Additional Wall Temperature 250(76.20) 2
325(99.06) 1

Total Temperatur 250(76.20) 2
385(111.35) 1

Total Pressure 385(117.35) 1
491(149.66) 1

005 thru Shear Stress 4 325- 490(99.06 - 149.35) 4
008

001 012 Wall Temperature 385- 490(117.35-149.35)

Additional Wal l Temperature 325(99.06) 1

1530 Pressure T- 250(76.20)
1531 Juncti on

*NOTE: 2 TOR gages deleted by welding closed the first 6 panels in
Trench No. 1.
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monolithic concrete cylinders; (3) Determine the et ect

of variation of backfill compaction, overpressure, con-

crete strength, and wall thickness to diameter ratio on

shallow-buried thick-walled cylinder response; (4) Inves-

tigate the effect of footing width on footing penetration

and arch barrel response for arches in the 20- and 300-

psi (1378-and 2068-.kPa) overpressure regions.

EXPERIMENT DESCRIPTION: Refer to The Ralph M. Parsons Co.

Report #POR 6907, Pre-DICE THROW 11-1 Structures Experi-

ments and Figure 2-49.

Twenty-nine structures were buried at ranges from ground

zero corresponding to the calculated 600-, 300-, 200- and 100-

psi (4136-, 2068-, 1378- and 689.4-kPa) pressures. Their

longitudinal axes were perpendicular to their radii from

ground zero as shown in Figure 2-49. All structures were

buried with 1 ft (0.30 m) of cover corresponding to approx-

- "  imately a 1/4-diameter depth of burial, and the fill over

each structure was finished flush with the surrounding

grade.

The structures were fabricated from nominal 4-ft

(1.22-m)-diameter comercial concrete pipe reinforced with

elliptical cages of steel wire. lhis pipe is conventionally

used with the elliptical reinforcement cages oriented to

resist positive bending (internal surface-cracking) at the

crown and invert and to resist negative bending (exler'ldi

surface-cracking) at the springlines for vertical loads

on the pipe. When so placed, the reinforcing is most

effective for resisting airblast-induced (vertical)

ground shock and least effective for resisting direct-

induced (horizontal) ground shock. When rotated 90 degrees

from the conventional placement, the reinforcement is

least effective for resisting vertical ground shock but

most effective for resisting horizontal ground shock.
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Cylindrical test articles were placed in both the con-

ventional and rotated reinforcing cage orientation, de-

signated at Type R and Type M cylinders, respectively,

to compare the effects of conventional and reduced-moment

capacity on cylinder response to vertical ground-shock.

Additional cylindrical test articles, with reinforcing

as for the M configuration, were notched in the intrados

and extrados by longitudinal saw-cuts at the crown and

at 45 degrees either side of the crown cuts, and desig-

nated as Type S. The saw cuts were I in. (2.54 cm) deep

to produce sections of reduced flexural resistance while

still maintaining shear resistance. Tile steel-strip

filler detail was intended to provide full contact for

compression transfer at each notch; the degree of contact

achieved varied along each strip but this had no discern-

ible effect on the Type S cylinder response. Arch test

articles were half-cylinders cut from full pipe sections,

which were tested in both tha R and M reinforcing

confi gurati ons.

For unambiguous reference, the cylinders were coded

according to their nominal wall thickness, reinforcement

orientation, wall notching, and nominal concrete strength,

and the arches were coded according to their reinforce-

ment orientation and footing width, as listed in Table 2-13.

The backfill and cylinder bedding material was sand.

The sand compaction was measured ?.-cording to ASTM-D-1557.

All cylinders were founded on beds of sand compaction to

a desi.gn value of 95 percent. The compacted sand was cut

to fit the cylinder extrados and checked with a template

to provide 90 degrees of full bearing. The arch footings

were cast-in-place on compacted native soil. The back-

,4 fill for all test articles was sand with a design com-

paction of 95 percent, except for test articles 310 and
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30, which has backfill design compactions of 85 and 75
percent, respectively. Field check of compaction was
made by tile sand-cone method. Refer to Figure 2-50 for

photographs of the structures.

End closures for tile test articles were reinforced
concrete slabs 58 in. (147.32 cm) square for the cylin-

ders, and 29 in. (73.66 cm) high by 58 in. (147.32 cm)
wide for tile arches. The end closures were designed for

elastic behavior and were placed against, but not fastened
to, tile test articles in order to minimize their effect

on test-article response.
All test articles were instrumented with passive

scratch gages which, for the cylinders, recorded the peak
change in diameter and, for the arches, recorded the peak

vertical displacement of tile crown relative to tile foun-
dation grade between the arch footings. All cylinders
had at least one scratch gage oil tile vertical diameter,
and selected cylinders had scratch gages on tile horizon-

tal and 45-degree diagonal diameters as well.
Selected structures, Numbers 12, 28, 29, 311, 35, 39,

62 and 65, were electronically instrumented to obtain the

time history of response. This was done with linear
variable differential transformers (LVDTs) mounted on tile
instrumentation strut tubes to read their relative dia-

metral displacement. Tile mounting consisted of plastic

blocks, epoxy-glued, one each to tile inner and outer

tubes, into which the transducers were screwed. Test
article 65 was further instrumented with an accelerometer
to obtain tile time history of vertical acceleration seen
by its crown. All of these test articles were instrumented

for vertical, horizontal, and diagonal diametral response,

except No. 62, on which diagonal measurement was not made,

and No. 28 which was an arch.

f
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Figure 2-50. Photographs Of MX StruLctures Internal Instru-
ments (lop Photo), Structure Placement
(Bottom Photo), Pre-DICL TIIROIA 11



Both the scratch-gage set screws and the displacement

transducers were placed oil faces of the instrumentation

struts, which were perpendicular to the longitudinal axes

of the test articles, and the transducers were mounted

in the plane of the strut neutral axis. This transducer

placement minimized spurious readings caused by possible

transverse (radial to the test articles) vibration of

the instrumentation struts.

Eight overpressure gages were mounted in two lines,
30 degrees apart, two each at the calculated 600-, 300-,

200- and 100-psi (4136-, 2068-, 1378- and 689.4-kPa) ranges.

The overpressure gages, and the electronic instrumenta-

tion of the test articles, were installed and monitored

and their data reduced by Sandia Laboratories. All

electronic data were recorded on tape, thcn digitized

before plotting.

12. Sandia Laboratory Albuqueirue (SLA)

(a) TITLE: Optical Measurements (DNA Project No. 160-51)

PROJECT OFFICER: Mr. D. Thornbrough

OBJECTIVE: Evaluate the performance of the YSR and Super

Suitcase optical detection devices.
EXPERIMENT DESCRIPTION: (Refer to Figure 2-51) One Super

Suitecase was fielded on Event 1 and two Super Suitcases

and a YSR Suitcase were fielded on Event 2. These de-

vices were placed approximately 14,000 ft (4267.20 m)

from GZ on both events.

(b) TITLE: Free-Field Airblast, Stress, Ground Motion and

Arrival Time Measurements (DNA Project No. 160-52)

PROJECT OFFICER: Mr. D. Breding

OBJECTIVE: To measure stress, motion and arrival time in

the near-surface earth media, and airblast in the near-

source region.
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figwro 2-51. SLA Super Sui tcase Exptoimeflt, Pre-DICE THROW 11



EXPERIMENT DESCRIPTION: (Refer to Figures 2-52, 2-53, 2-54,

2-55 and 2-56) Measurements were recorded at three loca-

tions where airblast was predicted to be 25,000, 8,000

and 1,000 psi (l.72xlO5 , 5.52xi0 4 and 6.89x10 3 kPa).

The gages were prepared in two versions: one a fluid-

coupled metal plunger and lithium niobate crystal, and

the other involving direct mechanical coupling. The

fluid-coupled model was used at all three stations and

the mechanically coupled model only at the predicted 8-ksi

(5.52xlO4-kPa) station. A fifth gage was included at the

predicted 25-ksi (1.72xlO5 -kPa) level. It was a commer-

cially available gage with a carbon sensor, manufactured

by Dynasen, Inc., Goleta, California. This gage was

added to provide a comparison with the lithium niobate

gage being developed.

SLIFER (Shorted Location Indicator by Frequency of

Electrical Resonance) time-of-arrival measurements were

made on the Pre-DICE THROW II events. The measurement

method has been used successfully at the Nevada Test Site

for several years to aid in determining time-of-arrival

contours, although application to high-explosive Jetona-

tions with greater resolution is a more recent development.

For the Pre-DICE THROW II-1 event, two SLIFER's were

installed on the 306-degree azLimuth at depths of approx-

imately 0.5 and 4.5 ft (0.15 and 1.37 m). Their radial

length was approximately 63 ft (19.20 in). Frequency

versus shorted-length calibration data was processed to

determine shock position as a function of time. These

data will be used to supplement the arrival-time contours

constructed by WES.

Stress measurements were made at five ranges with

several types of sensors located at each location. The

five distances chosen were at the predicted 15-, 8-, 3-, 1-,
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FigUre 2-52. SLA Aii'blast Tranisducers (Top Plioto), Acceleration
Canister (Bottom Photo), Pre--DICE THROW 11
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Figure 2-54. SLA Cat-boil Airblast Gage (Top Photo), Carbon
Paddle Gage (Bottom Photo), Pre-DICL THROW It
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Figure 2-55. SLA Ytterbium Gages
Pre-DICE THROW 11
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Figure 2-56. SLA Lithium Niobate Gages, Pre-DICE THROW 11
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and I/3-kbar stress levels. The sensors included ytter-
bium gages in both paddle and cylinder configurations,

carbon gages in tile paddle configuration and lithium

niobate gages in both bar and paddle forms. Lithium nio-

bate gages, all with Z-cut crystals, were employed in

several different orientations (refer to Table 2-14).
At the three closest stations the stress gages were

oriented so as to point to the charge center, and the
two farthest station gages were positioned horizontally
in the anticipation of a vertical shock front.

(c) TITLE: Microbar Measurements (DNA Project No. 160-53)
PROJECT OFFICERS: Mr. B. Holt and Mr. J. Reed

OBJECTIVE: Provide microbar prediction and measurennt

services on both events for etamage assessment studies.
EXPERIMENT DESCRIPTION: Measurement stations were placed

in the closest innabited coninunities which include Oscuro,
Tularosa, Carrizozo and Alamogordo, New Mexico (refer to

Figure 1-1). A tabulated listing of distances, arrival
tinmes, arrival v,.locities and pressure for the two events

is contained in Tables 2-15 and 2-16. Radio-telemetry

(TM) and microbarograph (MB) rec.,rding devices were
co-located in Carrizozo.

13. Stanford Research Institute (SRI)/'Kaman Sciences Corporation (KSC)

TITLE: Light-Detecticn and Ranging (LIDAR) Experiment (DNA
Project Nos. 160-70, 71, POR #6911)

PROJECT OFFICERS: Dr. W. Viezee (SRI) and Mr. P. Jessen

(Kaman Sciences)
OBJECTIVE: Evaluate the extent of laser performance degrada-

tion by the dust cloud generated by both events and provide
diagnostic data on the history of tile dust cloud.

EXPERIMENT DESCRIPTION: (Refer to Figures 2-57, 2-58, 2-59 and
2-60) Tile laser systems deployed in the field tests were

available at SRI and were used at WSMR in mobile configurations.
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Table 2-14. SLA Earth Stress Measurements, Pre-DICE THROW II-1

Slant Distance

Gage Configuration (ft) (mI)

Lil5-1 Z-cut bar 46.40 14.144

Lil5-2 Z-cut bar 49.73 15.158

Li8-1 Z-cut bar 54.37 16.572

Li8-2 Z-cut bar 54.21 16.523

Li8-3 Z-cut paddle L4.24 16.533

Li8-4 Z-cut paddle, hydrostatic 54.12 16.497

Li3-1 Z-cut paddle 73.32 22.347

Li3-2 Z-cut paddle 73.40 22.373

Li3-3 Y-cut paddle, normal 73.44 22.386

Li3-4 Y-cut paddle, transverse 74.02 22.560

Li3-5 Z-cut paddle, hydro., normal 73.34 22.353

Li3-6 Z-cut paddle, hydro., transv. 73.b3 22.413

Lil-l Z-cut paddle, hydrostatic 74.04 22.568

Lil-2 Z-cut paddle, hydrostatic 96.89 29.532

Lil/3-1 Z-cut paddle, hydrostatic 133.88 40.806

Lil/3-2 Z-cut paddle, hydrostatic 133.90 40.812

Ybl5-1 Cylinder 46.43 14.151

Ybl5-2 Paddle 46.42 14.148

Yb 8-1 Cylinder 54.02 16.464

Yb 8-2 Paddle 54.24 16.533
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Figure 2-57. SRI LIDAR Experiment, Laser System (Top Photo) ,
Target (Bottom Photo), Pre-DICE T11RO14 11
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0 DUST SAMPLER

+ GROUND ZERO

X=487,785.7
j.- -Y=544,525.5
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.1 Y=543,022.0

X=490,423.6

q9 'oY=541 ,518.6
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Figure 2-59. Kaman Sciences Layout for Dust Samplers,
Pre-DICE THROW II
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II

Figure 2-60. Photograph of Kanan Science Dust Sampler,
Pre-DICE THIROW 11

(a) Pre-DICE THROW II, Event 1

This experiment included a pulsed neodymium LIDAR (1060-nm

wavelength) pointed at a stationary passive target along a

fixed line-of-sight offset about 400 ft (121.92 nm) from deto-

nati on (GZ). The LIDAR system with its power supply and data

recording equipment housed in a closed van, was located 5430

ft (1655.06 nm) northwest of GZ with the solid white reflect-

ing target (-0.98 reflectivity) placed at a distance of 4000

ft (1219.20 n) southeast of GZ. The target center was 12 ft

(3.66 n) above ground.

The mode of operation involved illunination of the 16xl6-

ft (4.88x4.88-n) solid target every 10 seconds with 1.5 joules

laser energy in a 30-nanosecond pulse (50 megawatts output

power), and measuring the laser radiation reflected back
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toward the LIDAR receiver. By calibrating the reflection

characteristics of the target under natural (pre-detonation)

atmor pheric background conditions, the history of the target-

reflected laser signal received during the HE test can be

related to the history of atmospheric laser transmission over

the 9430-ft (2874.26-ni) LIDAR-to-target distance. Also, by

monitoring the backscatter from dust along the line of sight,

diagnostic data related to the history of the HE dust cloud

is provided. The LIDAR/target experiment was conducted

during the Pre-DICE THROW 11 100-ton (90.7-metric-ton) TNT

and 120-ton (108.9-metric-ton) ANFO events.

(b) Pre-DICE THROW II, Event 2
In a second experiment, a pulsed ruby LIDAR (694.3-nm

wavelength) with the capability to automatically scan in

azimuth and elevation, was used to observe atmospheric

back-scatter of clutter from the dust cloud. With a pulse-

C" repetition rate of one 30-nanosecond pulse per second, this
narrow-beam (0.5-mi lliradian beam divergence), high-power

(50 megawatts) system mapped the configuration of the dust

cloud from a location 6248 ft (1904.39 m) southwest of GZ.

The ruby LIDAR monitored the dust cloud while scanning from
0-degree elevation (laser beam 45 ft (13.72 m) above GZ 6).

Azimuth scans were made from 0 degree (laser beam pointed

at GZ 6) to 10 degrees right azimuth relative to GZ 6 at
constant elevation angles between 0 and 15 degrees.

Aerodynamic sorters were used by Kaman Sciences Corporation

to collect the dust samples. Figure 2-58 shows this concept.
Each stage eliminates particles of progressively greater

aerodynamic drag-to-weight ratio (1/0). These stages are

followed by a final filter which traps all remaining particles,

down to about O.ipM diameter. For particles having roughly

equal dimension,. in all directions, the larger particles are
trapped in st,o. 1 and the smaller in stage 5. The sorters
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were located as shown in Figure 2-59. These points were
chosen to be a few feet from the 1060-mm LIDAR beam path.

The sampler inlets were opened and closed simultaneously.
On Pre-DICE THROW I the sample collection was started at

5.0 minutes after detonation and terminated 2.5 minutes later.

On the second event, start time was 1.5 minutes after deto-

nation and termination was 45 seconds later.
14. Stanford Research Institute (SRI)

TITLE: Crater Stress Measurements (DNA Project No. 160-67,

POR #6908)

PROJECT OFFICER: Mr. C. Smith

OBJECTIVE: Detail the ground-shock environment in the near-

source region and determine what charge-characteristic dif-

ferences might be exhibited from TNT and ANFO detonations in
an assumed similar geology.

EXPERIMENT DESCRIPTION- (Refer to Figures 2-61 and 2-62) Six

ytterbium stress gages were fielded on each of the Pre-DICE I
THROW I Events.

In addition to the stress gages, a PZT crystal was placed

in a hole on the line between ground zero (GZ) and the first

gage, and just a few feet ahead of the first gage. This

crystal was to act as an auxiliary scope trigger for cri-

tically timed data.
The stress-gage locations relative to the ground surface

and the explosive are shown in Figure 2-62 for each event.

For the 100-Ton (90.7-Metric-Ton) TNT Event, SRI gages were

located along an azimuth of 257 degrees. The gages were
located on the 271-degree azimuth for the 120-Ton (108.9-

Metric-Ton) ANFO Event. The geology, as specified by WES,

at the various gage locations is also shown in Figure 2-62.
Oscilloscope records of gage output signals were digitized

to obtain accurate stress-time history data.

15. Systems, Science and Software (SSS)

TITLE: Close-In Ground Shock and Airblast Measurements (DNA

Project No. 160-61, POR #6909)
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PROJECT OFFICER: Dr. E. Gaffney

OBJECTIVE: Make airblast and ground-shock measurements and

test the use of an SSS-designed hardened-quartz gage for

measurement of airblast.
EXPERIMENT DESCRIPTION: Six airblast gages and six ground-

stress gages were installed on each event. Gage locations

were as shown in Figure 2-63 for tile airblast measurements,

and in Figures 2-64 and 2-65 for tile ground-stress measure-

timents. (Tile gage number-scheme is as follows: tile letter
S or A refers to ground shock or airblast, respectively;

tile numbers 1 - 6 indicate gage location; and the Roman

numerals I or II indicate the TNT event or the ANFO event,

respectively. Gages S1-I and SI-Il are in similar positions,

etc.) Gages S1 and S2 were placed at the bottom of pits

4-1/2 ft (1.37 m) deep, back-filled with soil and tamped with

a pneumatic foot. These two gages were oriented to measure

a horizontal stress radial from GZ. Gages S3, S4, S5 and S6

were emplaced in 45-degree slant holes filled with E-2(D)

grout, a soil-matching grout designed for a previous test by

tile Soils and Pavements Laboratory of the U. S. Army Waterways

Experiment Station (WES). These gages were oriented to

measure stress radially downward from GZ at 45 degrees.

Tile airblast gages, Al-I through A6-1, were emplaced in

pools of RTV-602, a low-loss, transparent silicone rubber.

In tile ANFO event, the gage was closer to tile surface of the

RTV, and tile pit did not extend mor-e than a few centimeters

onto tile preamplifier housing. This modification was under-

taken to eliminate high-frequency noise seen in results

from the TNT event. Low temperatures prior to the ANFO event

apparently prevented the RTV from curing in some of tile

gages.
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Figure 2-63. SSS Airblast Gage Locations, Pre-DICE THROW II, Events 1 and 2,
(a) ANFO, (b) TNT
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Figure 2-64. SSS Stress Gage Locations, Pre-DICE THROW 11,
Events 1 and 2
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Figure 2-65. SSS Stress Gages, Pre-DICE THROW4 11



16. Denver Research Institute (DRI) (Refer to POR 6917, Technical

Photography from Pre-DICE THROW I and Ii, March. 1976)

TITLL: Technical Photography

PROJECT OFFICER: Mr. J. Wisotski

OBJECTIVES: Record and analyze the early-, intermediate-,

and late-times phenomena from the Pre-D'CU THROW II series

so as to determine the behavior of ammonium nitrate/fuel

oil (ANFO) detonations as compared to equivalent trinitro-

toluene (TNT) detonations.

EXPERIMENT DESCRIPTION: (Refer to Figure 2-66) The DRI instru-

mentation for Pre-DICE THROW 1I, Events 1 and 2, consisted

of 17 high-speed cameras ranging in framing rates from 20

to 33,000 frames per second and two photometric devices

located at the camera station situated approximately 1500

ft (1371.6 in) from each of the Gs. l ho photometric devices

consisted of modified and unmodified solarcells. rhe photo-

metric traces were recorded on a dual -beam oscilloscope.

All cameras except the two Dynafax cameras lad timing light

systems. The parameters investigated were: detonation

velocity, peak amplitudes and times of total light radiaLion,

when and where the main shockwave passed the surface-surge

fireball, anomalies, shockwave time-of-arrival, fireball

dimensions, angles of upper and lower ejecta spires and cloud

dimens ions. Refer to Tables 2-17 and 2-18 for camera details.

17. U. S. A'ity Engineer Waterways Experiment Station (WES)

(a) TITLE: Ground Motion Measurements (DNA Project No. 160-59,
POR #6910)

PROJECT OFFICERS: Mr. 1). Day and Mr. D. Murre 1

OBJECTIVES: Assess the ground-shock environment produced

by the two Pre-DICL THROW 11 Events, and correlate the

r'sults between the 100-Ton (90.7-Metric-Ton) TNI Lvent

(Event 1) and the 120-Ton (108.9-Metric -Ton) AN[0 I vent

(Lvw:,L 2) and compare the results from both events with

those from similar tests in different 1"odia.
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EXPERIMENT DESCRIPTION: Event 1 was instrumei ted with 202

channels of stress, acceleration, and particle-velocity

gages extending over a range of 40 to 600 ft (12.19 to

182.88 m) and a depth of 1.5 to 60 ft (0.46 to 18.29 m).

Event 2 was instrumented to a lesser degree, with 112

channels of similar gages extending over a range of 40

to 400 ft (12.19 to 121.92 m) and a depth of 1.5 to 40

ft (0.46 to 12.19 m). For both events, instrumentation

was installed into tile region of outrunning motion. The

majority of the measurements were concentrated in the

upper 20 ft (6.10 m) of the soil profile. Only selected

ranges were instrumented to the greater depths.

Three radials were instrumented for each event: a

primary radial, which contained about 2/3 of the total

instrumentation, and two auxiliary radials, at 120 degrees

and 240 degrees referenced to the primary radial. In

addition, on Event 1 the 110-ft (33.53-m) ground range

was instrumented at two depths on suppleme~nts 60-, 180-

and 300-degree radials to examine test-bed azimuthal

symmetry.

For Event 1, the 202 measurements included 108 veloc-

ity gages, 78 accelerometers and 16 stress gages. For

Event 2, there were 72 velocity gages, 32 accelerometers

and 8 stress gages. Refer to Figure 2-67 through 2-70

for gage layouts and profiles. Figures 2-71 and 2-72

depict the gages and their installation.

(b) TITLE: Permanent Displacement and Crater Measurements (DNA

Project No. 160-60, POR #6912)

PROJECT OFFICER: Mr. J. Meyer

OBJECTIVES: Determine the basic dimensions of the apparent

crater: radius, depth, and volume; measure the permanent

surface displacements; and obtain estimates of true

crater dimensions through limited excavation.
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EXPERIMENT DESCRIPTION: The permanent displacements were

measured by means of displacement pins placed along tile

profile diameters. Each pin was a 10-in. (25.4-cm)

spike driven flush with the ground surface and surveyed

preshot and postshot to give elevation and distance from

its respective GZ. Changes in position of a pin result-

ing from a detonation are assumed to be a measurement of

the soil permanent surface displacement. Tihe displace-

ments were measured from the crater lip crest out to a

radial distance of 500 ft (152.4 m). The pins began at

40 ft (12 19 m) from GZ (just inside the expected crater

radius) and extended out to the 500-tt (152.4-m) bench-

marks with the following spacing: 3-ft (.91-m) intervals

to 100 ft (30.48 m), 5-ft (1.52-m) intervals from 100

to 200 ft (30.48 to 60.96 m), 10-ft (3.05-m) intervals

from 200 to 350 ft (60.96 to 106.68 m), and 25-ft (7.62-m)

intervals from 350 to 500 ft (106.68 to 152.40 m). This

gives 61 pins per radial (244 pins per shot). Elevations

were measured by standard leveling techniques, and dis-

tances were measured with a Hewlett-Packard 3805A elec-

tronic distance measuring device. Accuracy was - 0.01 ft

(3.04x10- 3 11).

Two radials of sand columns were emplaced on each

event. The columns were spaced at i-ft (3.05-,) inter-

vals from the GZ out to a distance of 80 ft (2.44 m) on

both events. Column depths ranged from 25 ft (7.62 m)

near GZ to 10 ft (3.05 m) near tile crater's edge. On

tile Pre-DICE THROW 11-2 Event, two additional 10-ft

(3.05-m)-deep columns were placed on each radial at

radial distances of 100 and 120 ft (30.48 and 36.58 m).

Below the water table, tile columns were filled with pre-

cast colored grout cylinders. These cylinders were 6

in. (15.24 cm) in diameter and I ft (0.30 m) in length.
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The top of each cylinder was surveyed for elevation.

Above the grout cylinders, the columns were filled with

dyed sand. Metal disk-markers were placed in tJhe sand

columns at half-foot increments and surveyed to deter-

mine elevation.

The apparent craters were measured by standard level-

ing techniques along bvo perpendicular diaieters. These

diameters were marked by pennanent benchmarks, located

at 500 and 750 ft (152.40 and 228.60 in) from ground zero

on each side. These benchmarks were permanent (set in

concrete to protect against disturbance by traffic or

other construction activities) atid tied in with the

overall site control by the support survey. iunediately

after the shot, GZs were relocated with transits from

the benchmarks. The apparent crater and crater lip were

then profiled.

(c) TITLE: Timing and Monitors (DNA Project No. 160-68)

PROJECT OFFICER: Mr. L. Watson

EXPERIMENT DESCRIPTION: Refer to the Timing-and-Firing

section of this report.

(d) TITLE: Soil Sampling and Testing*

PROJECT OFFICER: Dr. E. Jackson

OBJECTIVE: Sampling, identifying and testing the materials

in the h.e-DICE THROW II test area.

EXPERIMENT DESCRIPTION: Four piezometers were placed in

the test-bed to monitor depth-to-water table at each GZ

and intermediate points along the main ground-motion gage

arrays. In addition, fourteen Standard Penetration Tests
(SPTs) were conducted to generally classify material

*Refer to WES Reports: Material Property Investigation for Pre-DICE THROW
I and II: Results from the Subsurface Exploration Programs, June 1976 and
Material Property Investigation for Pre-DICE THROW I and 11: Results from
Laboratory Testing Programs, November" 1976.
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response and examine the test Led for material variations.

Boring logs were obtained from ooth the SPT hokez and

from eleven undisturbed sample holes. The location and

identification of this sampling, SPTs and piezometer

borings, are shown in The Preliminary Results Report,

POR #6904 and in Figure 2-73. The deepest undisturbed

sample was taken at a depth of approximately 400 ft

(121.92 m). The majority of the borings extended from

the ground surface to a depth of 50 ft (15.24 m). In

addition, there were two geophysic. l holes placed near

the main ground-motion gage-line for Event 1. Measure-

ments in these borings were intended to address cross-

hole and uphole seismic profiles and to attempt a shear-

wave enhancement technique to identify shear-wave veloc-

ities in the materials. In addition, a Birdwell boring

log was taken in boring U-l.

18. White Sands Missile Range (WSMR)

(a) TITLE: Project Support
PROJECT ENGINEER: Mr. R. Dysart
UP-RANGE FACILITY ENGINEER: Mr. D. Green
SUPPORT DESCRIPTION: The WSMR provided construction sup-

port, TNT charge construction support, documentation and

supplemental technical photography, security, meteor-

ological support and connunications for the Pre-DICE

THROW II program.

The WSMR high-speed photographic support was supplied

at two camera stations, each separated by 120 degrees

from the DRI station and located approximately 450u ft

(1371.6 m) from GZ. Eight cameras ranging in framing

rates from 20 to 5000 frames per second were used. The

camera details are outlined in Tables 2-19 and 2-20 and

pictured in Figure 2-74.

(b) TITLE: Camera Mount Test

PROJECT OFFICER: Mr. J. Gorman
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Figure 2-74. WSMR Camera Station on Pre-DICE T11ROW II

EXPERIMENT DESCRIPTION: A camera mount and camera

were placed in the test bed at the 25-psi level to

determine its structural response to the ground

motion and airblast on Event 2. Refer to photo-

I1 graphs in Figure 2-75.
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Figure 2-75. WSMR Ca~mera Mount on Pro P1(1 THROW 11.
Lvent 2
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CHAPTER III

DICE THROW TEST EXECUTION REPORT

INTRODUCTION

The DICE THROW event was conducted near the GIANT PATRIOT site on

the White Sands Missile Range (WSMR) and was the final test of the

DICE THROW program. The charge for this test was composed of approxi-

mately 628 tons (570 metric tons) of Ammonium Nitrate Fuel Oil (ANFO and

its configurations was a right-circular cylinder, base-tangent to the sur-

face with a hemispherical top, the same configuration as the second event

in the Pre-DICE THROW II series. The primary objectives of this test were

to provide a simulated nuclear blast and shock environment for target-response

experiments that are vitally needed by the military services and defense

agencies concerned with nuclear weapons effects, and to confirmJ, empirical

predictions and theoretical calculations for blast response of military

structures, equipment and weapons systems.

The safety requirements for DICE THROW are located in the following

Safety Operating Procedures.

1. SOP 224-51-76, 4 October 1976; Operation No. 2 Pre-Arming (BIS

Emplacement), Arming (Firing System Hook-up), Detonation and

Final Assembly of Booster Initiation System (BIS).

2. SOP 224-51-76, 20 September 1976; Main Booster Assembly (MBA)

Emplacement and Main Charge Construction.

3. SOP 224-50-76, 20 September 1976; Firing of XM-198 and SP-MI09

Howitzers (155 mm).

The DICE THROW Safety Plan, 1 June 1976, was also used as a supple-

ment to the HE Test Safety Document.

The security operation procedure followed was SOP TE-IG-380-5a,

21 September 1976, Communication Security COMSEC Standing Operating

Procedures. Security personnel were provided by WSMR during the stacking

operation and for controlling access to the test bed prior to and after

the event.
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Survey information pertaining to ground zero and target locations

pre- and post-test are located in:
1. Survey No. 296-76, WSD-73 (NAD) DICE THROW 90-mile area,

12 May 1976.
2. Survey No. 306-76, WSD-73 (NAD) DICE THROW 90-mile area,

21 May 1976.

3. Survey No. 397-76, WSD-73 (NAD) Transmitter and Receivers for

DICE THROW, 7 July 1976.

4. Survey No. 434-76, WSD-73 (NAD) DICE THROW M109 Impact Point

Reference #036070, 28 July 1976.

5. Survey No. 473-76, WSD-73 (NAD) DICE THROW Transmitter,

12 August 1976.

6. Survey No. 574-76, WSD-73 (NAD) Pre-Shot DICE THROW Profile

for October 1976, 21 September 1976.

7. Survey No. 613-76, WSD-73 (NAD) M109, M198 Impacts DICE THROW,

7 October 1976.

8. Survey No. 614-76, WSD-73 (NAD) DICE THROW Survey Points Pre-

Shot, 13 October 1976.
9. Survey No. 633-76, WSD-73 (NAD) Post-Shot DICE THROW Profile

for October 1976, 18 October 1976.

10. Survey No. 636-76, WSD-73 (NAD), M198 #1-M198 #10, M108 #1-Ml09

#10 (DICE THROW), 22 October 1976.

11. Survey u. 658-76, WSD-73 (NAD) DICE 1HROW Control Points

Post-Shot, 22 Uctober 1976.
12. Survey No. 674-76, WSD-73 (NAD) DICE THROW (90-Mile Area)

Pre-Shot, 26 October 1976.

13. Survey No. 686-76, WSD-73 (NAD) DICE THROW Survey Points

Post-Shot, 27 October 1976.

These surveys were provided by the Defense Mapping Agency, Geodetic
Support Activity Topographic Center, White Sands Missile Range, New Mexico.

The countdown procedure used for the DICE THROW event is located in
Appendix B. The DICE THROW Test Engineer's Report is also located in
this Appendix. The DICE THROW Summary Schedule is shown in Figure 3-1
and the Testing Area is shown in Figurc 3-2.
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DICE THROW TEST GROUP STAFF (Refer to Figure 3-3)

LCDR E. W. Edgerton, USN (505) 264-4651

Test Group Director

LCDR J. D. Strode, CdC, USN (505) 264-4651

Deputy Test Group Director

Vehicle Control Officer

Program Coordinator for:

*Blast Effects on U. S. Wheeled Vehicles (BRL)

**Charge/Detonation System Construction (NSWC/CERF)

*Blast Effects on Army Operationally Oriented Weapons

Systems (ARMCOM/WSMR)
**Timing and Firing (DRES/LLL)

Armored Personnel Carrier (Netherlands)

**Air Blast Damage Predictions (SLA)

**Particle and Detonation Velocity Measurement (LLL)

Wall Response (SRI/BRL)

Industrial Equipment (Boeing)

Component Test (GM)

Component Test (Chrysler)

7th Special Forces Group (SFG)

MAJ R. G. Palaschak, USA (505) 264-4651

Security Officer

Safety Officer
**Documentary Photoyraphy

Program Coordinator for:

Seismic Measurements (AFWL/ERIM/SMU)
*Blast Effects on In-Flight Helicopter (BRL)

**Dynamic Ai,blast Measurements (BRL)

Army Personnel Shelters (WES)

Blast Tests of Expedient Shelters (ORNL/ERDA)

**Aircraft Overpressure Vulnerability (NWEF)

*DNA Supported
**DNA Funded
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4

Shelter Exposure to Ground Shock and Air Blast (FRG/WES)

Blast Door Response (NOR/CERF)

Shelters (Sweden/CERF)

Low Light TV and IR Scanner Observations (SAC)
**Technical Photography (DRI)

**Ovcrh'!ead Technical Photography (Williamson/USGS)

CPT V. A. Alvarez, USA (505) 264-4651

Document Control Officer

Program Coordinator for:

Fireball Measurement Techniques (AFTAC)

*Vulnerability and Hardening of CCC Shelter Systems (BRL)

Mobility Experiments (WES)
**RF Transmission Experinnt (SRI)

**Blast Displacement Effects in Field Fortifications (LF)

Blast Response of Slatted Antenna, Integrated Masts and

Vented Radomes (ASWE-UK)

Blast Response of Navy Masts (DRES-CAN)
*AF Aircraft Structures (AFWL)

Nuclear Blast Detection Systems (SLA)

CPT T. Y. Edwards, USAF (505) 264-4651

Technical Director
**Airblast Predictions (BRL/AFWL)

Seismic Predictions (DNA)

Crater Predictions (nINA

**Explosive Diagnostics (LLL)

**Documentation (GE TEMPO)

Ejecta Collection and Displacement Pins (CERF/AFWL)

LT C. A. Klimmek, CEC, USN (505) 264-8261

Test Group Engineer
**Engineering Services (KOA)

Mr. L. J. Stefani (505) 264-7804

Program Analyst

Budget Preparation

Schedule Preparation
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Mr. N. A. S. Gantick (505) 264-7888

Instrumentation Engineer

Mr. R. L. Ward (EG&G, Inc.) (702) 986-9252
**Cable Coordinator

YNl J. E. Salazar, USN (505) 264-4651

SSGT P. McCarty, USAF (702) 986-9252

Adminstrative Specialists

Shipping/Receiving Coordi nator

EXPERIMENTS AND SUPPORT AGENCIES (IFai, to Figure 3-4)

1. Air Force Technical Application Center (AFTAC)

2. Air Force Weapons Laboratory (AFWL)

3. Ballistic Research Laboratory (BRL)
4. Bendix Field Engineering Corp.

5. Bob Rutherford Construction Co.

6. Boeing Aerospace Company

7. Canada - Defense Research Establishment Suffield (ORES)

8. Chrysler Chrysler Defense Division (CDD)

9. Denver Research Institute (DRI)

10. EG&G, Inc.

11. Environment Research Institute of Michigan (ERIM)

12. Falcon, Inc.

13. General Electric Company - TEMPO

14. General Motors (GM)/Oetroit Diesel Allison

15. Germany (FRG) - Bundewehr

16. Ken O'Brien and Associates (KOA)

17. Lawrence Livermore Laboratory (LLL)

18. Lovelace Foundation (LF)

19. Naval Surface Weapons Center (NSWC)

20. Naval Weapons Evaluation Facility (NWEF)

21. Netherlands (GON) - Technologisch Laboratorium. (TNO)

22. Norway - Norwegian Defense Construction Service (HDCS)

23. Oak Ridge National Laboratory (ORNL)

24. Rodman Laboratory - U.S. Army Armament Conmuend (ARMCOM)

25. Sandia Laboratory Albuquerque (SLA)

26. Socorro Power and Electric Coop., Inc.
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27. Southern Methodist University (SMU)

28. 7th Special Forces Group

29. Stanford Research Institute (SRI)

30. Strategic Air Command (SAC)

31. Sweden - Royal Swedish Fortification Administration (RSFA)

32. United Kingdom (UK)/Admiralty Surface Weapons Establishment (ASWE)

33. University of New Mexico Civil Engineering Research Facility (CERF)

34. U. S. Army Electronics Connand (ECOM)

35. U. S. Army Engineer Waterways Experiment Station (WES)

36. U. S. Army White Sands Missile Range (WSMR)

37. Williamson Aircraft Company

SITE LOCATION, DESCRIPTION (Refer to Figure 3-5)

The DICE THROW event was conducted on the WSMR at the GIANT PATRIOT

site which is located 12 miles (20.9 km) southeast of the Stallion Range

Center in the northern portion of the range and approximately 100 miles

(161 kin) north of the main post area. The site is at an elevation of

4730 ft (1442 m) above sea level in the northern portion of the

Jornada del Muerto Basin. The test area is flat, and the nearest moun-

tains are approximately 8 miles (12.9 ki) to the east. The site lies

within the Sonoran Life Zone of a northern extension of the Chihuahuan

Desert. It is categorized as a gypsum grasslands and dunes association

near a sand grasslands and dunes association, the two most abundant

vegetation associations on WSMR. The immediate area of the test site

is largely chamisa, grasses and isolated yucca plants.

The site climate is typical of semi-arid areas of the southwest

desert. Days are typically sunny, and annual rainfall averages from

less than 8 in. (20.3 cm) in the basin to more than 16 in. (40.6 ci) in

the mountains. The winds are normally from the west during the dry months

and are frequently gusty. During the summer and fall months, moist

tropical air masses intrude from the Gulf of Mexico causing prevailing

winds from the southeast, frequent thundershowers and electrical atmo-

sphere disturbances. The highest wind speeds occur in the spring when

dust storms are comnmon.
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Copper, lead, and other minerals exist in the nearby mo.'ntains and

large amounts of gypsum are present. The watertable is varieble in the
area, 80 feet (24.4 m) or greater, and sand water movement is slowly

westward to the Rio Grande River. Bedrock at the site is greater than

200 ft (61.0 m) below the surface.

CHARGE DESCRIPTION

The DICE THROW ammonium nitrate fuel oil (ANFO) charge design (stacking

plan), stacking and charge shelter system were provided by the Civil Engineer-

ing Research Facility (CERF) under the supervision of Mr. K. Bell and Dr. G. Lane.

Mr. Mike Swisdak of the Naval Surface Weapons Center (NSWC) was re-

sponsible for the specifications of the ANFO, monitoring the internal

temperature of the stack, the design and fabrication of the charge deto-

nation systems and monitoring the fuel oil content and particle size
distribution of the ANFO in the charge.

The stacking plan was based on the same design used for the Pre-DICE
THROW II, Event 2 charge (120-ton (IPS.9-metric ton) ANFO charge). The

charge shape was a surface tangent (base), 628.27-ton (569.97-metric ton)

ANFO, multiple-detonated, domed (cap) cylinder with a length to diameter

(cylindrical section) of 0.75 to 1.00. Refer to the photo in Figure 3-6.

I

Figure 3-6. Completed DICE THROW ANFO Charge
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It was constructed of layers of 50-lb (22.7-kg) bags of ANFO with all
voids (spaces between bags) filled with loose ANFO. Refer to Table 3-1
for the physical dimnsions of the completed charge.

The ANFO was procured from two distributors: the II and N Company
) of Carlsbad, New Mexico, for Gulf Oil, and Bud Walter, Inc. of Estancia,

New Mexico for Atlas. Delivery of the ANFO to the test site was by
tractor trailers (26 loads). Refer to Table 3-2 for details pertaining
to ANFO deliveries. The off-loading of the ANFO during the charge stcking

phase was accomplished using a roller-conveyer onto an electric hydraulic
conveyor to the charge (refer to the right photo in Figure 3-7).

The charge was stacked on a plywood base 2-1/4 in. (5.72 cm) thick.
Circular forms, in 4-ft (1.22-m) sections, constructed of 3/8-in. (0.95-
cm) thick plywood with 2xl2-in. (5.08x30.48-cm) stiffeners, were emplaced
around the charge during stacking to control the charge diameter and aid
in keeping the stack plumb. Refer to the left photo in Figure 3-7.
The outer two bags of ANFO of each layer were glued to prevent the bags
from slipping. The type of glue used was Polycrinyl Acetate Emulsion
Adhesive (Gulf lot #B-3252). A charge shelter system was constructed
around the charge to protect against rain, wind and lightning (refer
to Figure 3-8). There were delays in the stacking schedule due to prob-
lems with the erection of this protection system and also with ANPO de-
liveries because of a breakdown of equipment at the H and i Company in
Carlsbad. The time was made up, however, due to the hard work and long

Table 3-1. Physical Dimensions of Completed Charge

Diameter 29.70 ft (9.05 m)

Cylinder Height 22.28 ft (6.79 m)

Cap Radius 14.85 ft (4.53 m)

Total Charge Height 37.13 ft (11.32 m)

Layers in Cylinder 52

Layers in Cap 35

111-13



Table 3-2. DICE T1IRC. ANFO Deliveries

Total Wt of Load Date
Load # # of Bags ANFO (lbs) (kg) Delivered Supplier

1 1000 50,000 22,680 9/20/76 H & N Co.

2 9/20/76

3 9/21/76

4 9/22/76

5 9/24/76

6 9/24/76

7 9/25/76

8 9/25/76

9 9/25/76

10 9/26/76

11 9/27/76

12 9/27/76

13 9/28/76

14 9/28/76

15 9/28/76

16 9/29/76

17 9/29/76

18 9/29/76

19 9/30/76

20 840 42,000 19,050 10/01/76 Bud Walter, Inc.

21 840 42,000 19,050 10/02/76 Bud Walter, Inc.

22 1000 50,000 22,680 10/02/76 H & N Co.

23 800 40,000 18,144 10/02/77 H & N Co.

24 840 42,000 19,050 10/02/77 Bud Walter, Inc.

25 840 42,000 19,050 10/02/77 Bud Walter, Inc.

26 840 42,000 19,050 10/02/77 Bud Walter, Inc.

625 567
TOTAL* 25,000 tons metri c

tons

*107 bags of ANFO were returned to supplier (2.675 tons (2.427 metric tons)) =

622.325 tons (564.57 metric tons)
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hours of tile DNA staff and CERF construction and stacking crews. Ap-

proximately 216 hours were required in stacking using two shifts (9

men on day shift, 10 men ol night shift).

The boostering and initiation systems were also based on the de-

signs used for the Pre-DICE ThRUW II, Event 2. The Main Booster Assem-

bly (MBA) was emplaced during charge construction (refer to the top

photo in Figure 3-9), and the Booster Initiation System (BIS) was lowered

into position during Pre-Aruing (refer to the bottom photo in Figure

3-9). Detail drawings of these systems are referenced in Appendix A.

The system layouts were similar to those depicted in Figures 2-11 and

2-13 in Chapter 2.*

During statking, tile air temperature and internal- stack temperature

were monitored with a dual- channel thermistor recorder. Tile stack sen-

sor was located in the sixth layer above the ground, approximately 9 ft

(2.74 m) from tile edge of the stack. The air-temperature sensor was

located approximately 10 ft (3.05 m) above the ground inside the pro-

tective structure. The temperature extremes recorded outside the stack

were 86' F (30' C) and 55' F (12.8' C) and inside the stack were 74' F

(23.3' C) and 78' F (25.60 C) over tile time period between 24 September

and 5 October 1976.

Samples of ANFO were taken from each layer of the stack and analyzed

for fuel oil content and particle-size distribution of the ANFO prills.

Table 3-3 presents information relevant to ekch layer of the charge and

lables 3-4 and 3-5 present tile chairye weigliLs and material properties,

respectively. Refer to the photos in Figure 2-16 in Chapter 2 depicting

the quality Lontrol procedure.

*Seven octol boosters were installed during stackina around tile MBA,
each weighing 29.143 lbs (13.22 kg). Each of tile seven pentolite
boosters weighed 2..14 lbs (0.97 kg). The penrolite boosters with two
detonators each were inserted int3 the BIS at positions vertically
identical to the octol boosters.
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TIMING, MONITORING AND FIRING SYSTEMS FOR DICE THROW

The Timing and Monitoring Systems were provided by the Defence Re-
search Establishment Suffield (DRES) and installed and operated under the

supervision of Mr. Charles Sutherland of Canada. Tile Firing System was

built and installed by the Lawrence Livermore Laboratory under tie super-

vision of Mr. Bernard Hayes.

TIMING AND MONITORING (Refer to Figure 3-10 for main cable layout)

These functions were extremely critical to tile success of each

experimenter participating in DICE THROW. The testing of these func-

tions with each experimenter was ongoing continuously throughout tie

fielding operation with problems being identified and solved almost

H up to shot clay.

The type of trailer function monitoring required was temperature,

power and tape recorder run/record. Due to cost considerations, each

trailer did not have its separate monitoring of these parameters. The

only exception to this was the tape recorder run/record. This function

r was monitored for each trailer separately with the exception of the
AFWL's two vans. Even though most experimenters' instrumentation trailers

had more than one recorder, only one monitor was used (the run/record

contacts of each machine were wired in series). A layout of the trailer

monitoring scheme is shown in Figure 3-11.
Approximately 30 different timing signals were distributed to the

experimenters via the Timing and Firing Bunker and are described in

Figure 3-12. Figure 3-13 (top photo) is a photograph showing the in-

terior of the T & F Bunker during a dry-run. The Countdown Procedures
for DICE T11ROW are contained in Appendix B. A block diagram of the cir-

cuitry within the DRES Timing and Firing Bunker is shown in Figure 3-14.

Figure 3-13 (bottom photo) shows one of the T & F junction boxes.

FIRING

The T & F Bunker and the LLL instrumentation trailer were both

involved in the initiation of the DICE THROW charge (refer to the block

diagram in Figure 3-15). LLL was also responsible for: monitoring the
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Fi gure 3-13. Interior of DRES T & F Bunker During Dry-Run (Top
Photo), In~stal lation and Checkout of T & F Junction
Box Used (Bottom Phonto), DICE THROW
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simultaneity of the seven octal booster detonations by determining tile

shock-arrival time at the booster-ANFO interface, obtaining a detona-

tion velocity for tle ANFO, measuring detonation-wave transit time and

providing pressure profiles within the charge. liese additional items

are considered as experimentation and will be included in a later

section of this report.

LLL designed, built and provided to DNA two certified firing sets

to be used on DICE THROW. These sets were thoroughly tested at the

site and a determination made to use both firing sets in parallel, fir-

ing two series sets (7 each) of detonators (RP I's).

Tile firing system comprised four main elements: a high-voltage

controller with trigger generator, a 6000-ft (1829-in) transmission

line duplexed for charging and firing, a capacitor discharge unit (Coll)

and firing lines and harness to initiate seven detonators in a series

string. A duplicate back-up system to provide redundancy was triggered

1.5 psec after the primary system.

The charging of the main energy storage capacitors (located near

ground zero) started two minutes before zero-time via the controllers

which were located in the Timing-and-Firing Bunker. At zero-time, a

fire signal was delivered to the high-voltage controllers, these in

turn generated and transmitted firing pulses to tile CDU's over separate

1 ines. An additional pulse was also generated and sent to the LLL

trailer to trigger a delay generator (required for tile charge-detonation

diagnostics and for the 1.5 iisec delayed pulse triggering tile redundant

High -Vol tage Control ler).

The output from the CDU's fed four parallel firing lines termi -

nating at the firing harness. A reduced and differentiated output fromt

each CDU was mixed and their output used as a fiducial signal for the

experimenters. A single-current viewing resistor (CVR) located between

the firing lines and the firing harness indicated the rate of rise of

current in the detonator-string bridge wires, the time to bridge-wire

burst and the peak-burst current.
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TRAILER PARK LAYOUT, COMMUINICATIONS, POWER DISTRIBUTION AND CABLING

Trailer Park Layout

Three instrumentation trailer parks were required on the DICE

THROW event, each located approximately 6000 ft (1829 m) from ground

zero at the ends of the main gage lines. They were layed out according

to the instrumentation requirements of the experimenters vi th the major-

ity of the trailers located in trailer park number one (TP-1). Refer

to Figure 3-16 for details pertaining to trailer orientation and agency

location. Bendix had shop vans located in TP-l and -L and provided main-

tenance support for all DNA electronic equipment used on DICE THROW by

the experimenters. Seven of the instrumentation trailers were DNA

property. Office space and additional shop facilities were provided

the agencies and were located at the Administration Trailer Park (ADMIN

AREA). The FCDNA and WSMR staff' -also had their office facilities in

this area (refer to the photograph in Figure 3-17).

The two AFWL instrumentation vans in TP-l were bermed (wood bracing

and earth fill) to provide protection from the shock wave. A special

shock absorber system was placed on the front end (toward ground zero)

of a selected number of instrumentation trailers for testing purposes,

with the results to be compared with the unprotected vans. The vans

with this protection were: WES and BRL in TP-l, BRL and LLL in TP-2,

and BRL in TP-3.

The trailer parks were constructed with dirt and a 4-in. (10.2-cm)

gravel surface. I:strtme;tatio . grounding pitq were built in TP-l and

-2; however, only the one in TP-2 was used. Noise problems showing up

in TP-l necessitated a grounding well to be drilled to a depth of ap-

proximiately 200 ft (61 m). Copper pipe was inserted to the full deptn

and all instrumentation grounds were attached to the pipe. TP-3 had

a 12-ft (3.7-11) copper rod ground. Lightning arresters with separate

grounds were also located in each park. The trailer parks were con-

nected via graveled roads as shown in Figure 3-2. The gravel used for

the trailer parks and roads was quarried and crushed on the WSMR and

delivered to the site area by a sub-contracted trucking firm.
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Figure 3-17. Photo of ADMIN AREA For DICE THROW

Comniuni ca.ions
The tyr- s and quantities of communication gear were extensive andvaried. They includeo: 20 telephone lines with 6 extensions, 2 Motor-ola base stations with 35 G. E. Porta Mobile units, 33 intercom units,

and others.

Most Of the phone lines woure located in the ADMIN AR~EA office andshop trailers. An emergency phone was located in each of the trailerparks and two lines were required by SRI, one at North Oscura Peak and
the other at their receiver station.

The intercom units were placed in office trailers, instrumentation
vans and shop trailers and were used exclusively for intra-office com-munications. The portable radios were used for direct communicationsbetween test control and personnel in the test area. The frequency used
for these transmissions was 166.0 MHz.
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Fifteen frequencies were set aside for use by CCC experiment, nine for

SRI, seven for aircraft operations, one for range control and one for ar-

tillery support. Refer to Appendix B for further detail.

Power Distribution

The main source of power for tile DICE THROW program was provided by the

Socorro Power and Electric Coop., Inc. This commercial power was used exclu-U1  sively in TP-I and TP-2 and ADMIN AREA. Additional power requirements were

provided by diesel generators. Refer to Figure 3-18 for a typical power

r distribution schematic, and Figure 3-19 and Table 3-6 for the overall system.

Ken O'Brien and Associates (KOA) directed by Mr. D. Cronk under the supervision

of Field Command staff provided engineering and drafting support of the DICE

THROW program. The services included: power requirements and distribution,

run-off protection and finished as-built drawings.

The commercial power was 14.4 kV, three phase, with an expected demand

I requirement of 1400 kW. This voltage was stepped down and isolated via pole

transformers using a wye to delta configuration to 480 volts. Three areas in

the test bed required substations due to their power demand and remote loca-

I tions. In these cases, the 480-volt source was stepped up to 4160 volts for

transmission purposes, then reduced to 480 volts at the substation for distri-

bution to the ARMCOM bunker, DRI-2 (main camera station) and the AFWL stations.

The ARMCOM bunker demand was supplied by the diesel generator system located in

TP-3 as was the DRI-4 location. During the initial fielding stages, the ADMIN

AREA was powered by the diesel generator system which was later moved to TP-3

(two at 125 kW, only one used at a time). Additional generators were used to

power the DRES station (30 kW) and DRI-3 remote camera station (100 kW). The

DRES station was originally supplied commercial power; however, a lightning

strike degraded the power cable to the extent that prohibited its use.

The instrumentation trailers required both utility and instrument power.

Refer to Figures 3-20, 3-21 and 3-22 for details of power distribution in the

trailer park areas. This was accomplished by using motor generator sets that

were run from commercial or diesel generator systems, the motor generator

sets (placed on the instrumentation side) providing the isolation necessary

between the two types of demand. The AFWL instrumentation vans in TP-I

A did not use this isolation technique, and this created a problem during

one of the dry runs. One of the air-conditioning units (two in each van) in
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Table 3-6. Power Distribution Legend, DICE THROW

POWER REQUIREMENTS

Ref. Required Power Power Provided
No. Required For (in KW) (in KW)

MOTOR GENERATORS:

MG- 1 NWEF INST. TRAILER 40002 30 50

2 WES INSTR. TRAILER 50021 30 50

3 BRL INSTR. TRAILER 40003 20 30

4 CERF INST. TRAILER 36040 30 50

5 AFWL INST. TRAILER AFWL-05 40 50

6 AFWL INST. TRAILER AFWL-07 40 50

7 BRL INSTR. TRAILER 50025 50 50

8 LLL INSTR. TRAILER 36016 30 50

9 DRES T&F BUNKER 30 50

10 BRL INSTR. TRAILER 40006 30 50

11 DRES INST. BUNKER 20 30

12 SRI VAN 30 30

13 BRL HELO BUNKER 20 30

ISOLATION TRANSFORMERS:

IT- 1 NWEF INST. TRAILER 40002 30 50

2 WES INSTR. TRAILER 50021 30

3 BRL INSTR. TRAILER 40003 20

4 CERF INST. TRAILER 36040 30

5 AFWL INST. TRAILER AFWL-05 30

6 BRL SHOP VAN 45

7 BRL INSTR. TRAILER 50025 30

8 LLL INSTR. TRAILER 36016 30

9 BFEC SHOP VAN 20

10 BRL INSTR. TRAILER 40006 20

11 BRL SHOP TRAILER 15

12

13 DRES CAMERAS 12
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Table 3-6. Power Distribution Legend, DICE THROW (Continued)

POWER REQUIREMENTS

Ref. Required Power Power Provided
No. Required For (in KW) (in KW)

ISOLATION TRANSFORMERS (Continued):

IT-14 ARMCOM BUNKER 20 50

15

16 DRI CAMERA BUNKER #1 4.8

17 DRI CAMERA BUNKER #2 12

18 DRI CAMERA BUNKER #4 6

19 SRI MAIN TRANSMITTER 0.5

20 AFWL CAMERAS 30 50

DIESEL GENERATORS:

DG- 1 TRAILER PARK #3 POWER 125 Ib

2 TRAILER PARK #3 POWER 125 125

3 DRI BUNKER #3 10 15

4 DRES BUNKER 55 100

POWER TRANSFORMERS:

PT- 1 SHOP VAN POWER (480/208 V) 73 112

2 AFWL & DRI (480/4160 92 300

3 AFWL INSTR. VAN (208/480V)

4 ARMCOM BUNKER (4160/480 V) 55 300

5 ARMCOM BUNKER (480/4160 V) 55 300

6 AFWL CAMERA (4160/480 V) 30 300

7 DRI #2 (4160/480 V) 12 300

8 SRI INSTR. VAN (120/480 V)

DISCONNECT PANELS:

DP- 1 UTILITY TP #1 (SOUTH)

2 INSTRUMENT TP #1 (SOUTH)

3 UTILITY TP #1 (NORTH)

4 INSTRUMENT TP #1 (NORTH)

5 UTILITY TP #2

6 INSTRUMENT TP #2

7 POWER TP #3

111-39



TO .$MAD[,0 VAN AT ME 10?H 0

-- ENCW A~S OEEP
AS POSSiB%.FL

V 'e, 3+ CSNO.54MICMN 1143 A0 2 C-S.

IP- 
_ _;

WOMS~~WE CO(1 AN21

IIR ACCESS___

J1j

Park #, DIC THRO

f 111-40



-'105 THRU 107 7i

I-c. I: ,-TENCw AS~ DEP
AS P0SSBlavTO

200

I~. - -, - ~ ~ TaTHRU

/ - - '803

_(NWEI1 ~401

- -- - - _ -[- - -- I--.R-

aRL-IQ7L.1104

-n 11544

(CERF) THRUULIGTNING 705I 175

AFWL (III

2011

101 THRUT104

-1AX"!?r e 91



.A.
X2

1201 THRU 1215 -! .151' ,4 9,1 4 9 3 4 9 4 11 6 , -" :

J : . ' u I ";601 TI-

117

j"113 176

71-4/C NO.12 114

5KV 2 a:? I t
Pv/R. TO OI N0.2 (INV
AND AFWL. .-

Ld

....... .................. . -.- ....... ....... .. ... n .---....

-r ' * . L ,

'0, /L/ , .,

Ub i 4

/101 THRU 104

IT-9 1W

AY LIM, ITS F" LEA.Et - I

, ~T- 03, SH4T 4 \I

KT- -

ITI

Figure 3-21. Power Distribution in Trailer Park #2, DICE THROW

111-41



(z

NRU 1215 04 6115
93 149411 •i-]H20 .0

, . ; 601THRU6I1 - 4-1/C NO 105KV

113 176 ,

177 .. -. -
to -J,

i- 1' 109 THRU 112
524SO i.2 -. Y

S W l e -j 
:

Io ,- 
Co 0

I ___II "
. . ............................. .......... .............................. ..........................................................

. ,,MG-S r T-8 119

T.C S Z P .,S
-4? 14 1T8 

-A~z

MG-9

-. D -5 -. I  
I: P ' w ,

DP-6

- SUB STATIONNO

MG-7e

S#2, DICE THROW



20 0

00 L o 0
Ii-W~ M

d c; ,L

z z
00up. ii I-I

0c

* .2

4O~Mh7NMIL-iIlls co0

6 A

4-

* 'n

IL wz 01

I- I-

to11-42



'I

oneofthe trailers froze up. When switching betweer units took place,

a voltage spike was produced causing an overvoltage condition to be

indicated on the voltage monitoring equipment. This was a difficult

problem to locate since all six instrumentation trailers in TP-l

were in series for powe'r monitoring.

Cabling

Twenty-one types of cable were used for the instrumentation and

power requirements on DICE THROW (refer to Table 3-7). Mr. Bob Ward

of EG&G Las Vegas provided the cable coordination between DNA and the

experimenters. Almost 1.5 million ft (457 km) of cable was layed out,

33,450 ft (10.20 km) of power cable and 1,453,964 ft (443.2 km) of

instrumentation cable. After the event, the cable recovery amounted

to: all power cable and 393,300 ft (119.9 km) of main instrumentation

cable.

EXPERIMENT DESCRIPTIONS

1. AFTAC, Patrick AFB

PROJECT OFFICER: TSgt T. Cummings, (305) 494-2451

OBJECTIVE: Record Optical Time-History fireball measurements.

EXPERIMENT DESCRIPTION: The Super Suitcase Optical (SSO)

which measures the optical output versus time for light-

Iproducing phenomena and the Super Suitcase EMP (SSE) which

measures the "E Field" of the Electromagnetic Pulse versus

time for phenomena that produce EMP were fielded at the

WEAP site which is 12,700 ft (3,871 m) from GZ (refer to

Figure 3-2 for the location cf WEAP site). Other equip-

ment fielded included a Hycam High Speed Motion Picture

Camera, an Image Converter Streak Camera, and a Microsecond

Recording System.

2. Air Force Weapons Laboratory (AFWL)

TITLE: Blast Effects on Blast Door and Shelter, DNA Project #398

PROJECT OFFICER: Capt. J. Teague (505) 264-0226

OBJECTIVES: Obtain experimental data for the development of

hardened aircraft shelters by measuring and recording:

(1) the loading and dynamic response of a one-third scale,
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i

proposed aircraft shelter closure subjected to face-on air-

blast pressure; (2) tle response of a one-third scale TAB

VEE shelter arch and a one-third scale upgraded TAB VEE

shelter arch when exposed to an airblast environment; (3)
the airblast and ground motion effects on a buried surface-

flush aircraft shelter. Refer to Figure 3-23 for an overall

view of these shelters and Figure 3-24 for tile layout drawing.
EXPERIMENT DESCRIPTION:

(a) Upgraded Aircraft Shelter Closure - Shelter "A"

The upgraded one-third scale shelter closure was fabri-
cated by the Civil Engineering Research Facility (CERF) on

Kirtland AFB, NM. It was later transported to the test site

and erected on tile previously constructed foundation slot
and adjacent supporting shelter arch which was built at the

site by FALCON, Inc. of Socorro, NM (refer to Figure 3-25).
This one-third scale model was placed face-on to the blast at
a range of 492.13 ft (150 m), the anticipated 65 psi (455 kPa)

i

Figure 3-23. Overall View of the AFWL Shelters on DICE THROW
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level. At this range the blast was expected to produce

measurable inelastic response of the closure.

Instrumentation for the shelter and closure consisted of

93 active electronic measurements including blast pressures,

accelerometers, velocity, displacement and strain gages.

Four pressure sensitive gages were also installed in the

foundation slot to measure bearing stress transmitted to the

foundation s!:.L from the closure.

(b) First Generation (TAB VEE) Shelter Arch - Shelter "B"

The modified one-third scale TAB VEE arch shelter, con-
structed by FALCON was oriented side-on to the blast at a
range of 600 ft (180 in) at the predicted 35-psi (245-kPa)

level (refer to Figure 3-26). At this range the blast was

expected to produce measurable inelastic response of the arch.

Instrumentation for the shelter consisted of 54 active

electronic measurements, including blast pressures, acceleromn-

eaters, velocity and strain gages.

(c) Upgraded First Generation (TAB VEE) Shelter Arch -

Shelter "C"

This upgraded one-third scale TAB VEE arch structure was

tested, oriented side-on to the blast at a range of approxi-

mately 500 ft (150 in), the same pressure level as Shelter "A".

This shelter is the same as Shelter "B", but with a heavy

overlay of concrete (refer to Figure 3-27).

Instrumentation for the test structure consisted of 74

active electronic measurements, including blast pressures,

accelerometers, velocity and strain gages.

(d) Hard Flush Aircraft Shelter - Shelter "D"

This shelter was a one-third scale model of a Boeing de-

signed underground aircraft shelter (refer to Figure 3-28).

The shelter was constructed by Bob Rutherford Construction Co.,

Albuquerque, Neow Mexico, and buried at a distance of 295.3 feet

(90m) from ground zero, with the top flush with the ground. The

*1 shelter was to be exposed to the 270-psi (1890-kPa) incident over-

pressure level.
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Figure 3-26. The A17 WL DICE THROW Modified Oue-Third Size TAB VLI_
Arch Shelter During Construction (Top Photo), and
Compl e ted (Bottom Photo)
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Figure 3-27. AFWL DICE THROW Upgraded First-Generation TAB VEL
Shelter Arch During Construction (Top Photo), and
Completed (Bottom Dlhoto)
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Instrumentation for the shelter consisted of 76 active
electronic measurements, 16 of which were in the free field.

The 16 free-field gages were on the centerline of the struc-

tures at 9.84 ft (3 m) from either edge of the structure on a
radial from ground zero. Other measurements included blast

pressures, accelerometers, velocity and strain gages, and

interface pressure gages. For further information regarding
this experiment description, refer to AFWL-TR-77-OOl.

3. AFWL/CERF

TITLE: Ejecta Collectors

PROJECT OFFICERS: Mr. G. Jones (CERF) and Dr. R. Henny (AFL)

OBJECTIVE: Determine permanent near-surface ground displacement

and ejecta coverage from the blast. Refer to Figure 3-29 for

an overall layout of the experiment.
EXPERIMENT DESCRIPTION: Displacement pins were placed along

three radials (15, 105 and 195 degrees) from SGZ. The pins

had a 3-ft (.91-m) spacing from 71 ft (21.6 in) to 191 ft

(58.2 m) and 10-ft (3.04-m) spacing from 200 ft (61.0 m) to

600 ft (182.9 m). Concrete spheres, bowling balls and alumi-

num discs were placed at different depths at two radials as
shown in Figure 3-30. F igure 3-31 shows the two radials (0 and

and 145 degrees) used for the artificial missile placement.

Details pertaining to the layout of surface plates, pits and

walls are shown in Figure 3-32.

4. AFWL/ERIM/SMU

TITLE: Seismic Measurements
PROJECT OFFICERS: Mr. S. Melzer (AFWL) (505) 264-0482, and Capt.

A. Scheinker (AFWL)/Mr. R. Turpening (ERIM)/Dr. G. lerrin (SMU).

OBJECTIVE: Document tle nature of the far-field ground-motion

environment in the DICE THROW alluvial geologic situation.

EXPERIMENT DESCRIPTION: The AFWL, LRIM and SMU participated in
seismic monitoring during DICL THROW. The AFWL had five

stations located west-southwest of GZ out to a range of
5250 ft (1600 m). These stations were multiplexed prior to

transmission via cable to the instrumentation van. SMU had
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Figure 3-30. AFWL/CERF Artificial Missiles Layout, DICE ThROW

111-54I



50I

-.J

L

z

-

-j
-4

55"'

SGZ

DEBRIS SUPPRESSION APEA

0 300 ftI I I I , I . PINS

0 100 .. 105 °

SCALE" :

950

205"

145"

Figure 3-31. AFWL/CERF Plan View of Experiment, DICE THROW

III - b



I 5 PRIMARY SAMPLING RADIAL
(TO 1500 ft, 457 m)

700'(213 m)1 -

600'(183 m)

5

500'(152 m) A *

400'(122 in) - * • *

350'(107 24 psi
* 0

300'(91 m) I * • 36 psi

• 6 psi250'(76 il) .. " •• • 65 p)si

I 0

200'6 ill) 9n 62'1o •, •- \s,-

i "°oo  ° ° 190 psi

I /o. ,/-75 psiI0

I~ 39l,/ 0 psi

520o psi

& SURFACE PLATES
/ \ ./ -- UNDISTURBED A PIT

SECTOR .- STRUCTURES (WALLS)

Figure 3-32. AFWL/CERF Ejecta Collector Layout,
DICE THROW

' I 111-56



four stations each measuring radial and vertical accelerations,
and ERIM had twelve stations, most of which were self-record-
ing. An exception to these were the ERIM stations east of GZ,

which were recorded in a special instrumentation van "rot.ated

near Highway 20, southeast of GZ. Refer to Figure 3-33 for

a map showing locations of these seismic stations.

5. Ballistic Research Laboratory (BRL)

(a) TITLE: Dynamic Airblast Measuremtents, DNA Project #101

PROJECT OFFICER: Mr. G. Teel (301) 278-3361

OBJECTIVE: Measure the free-field airblast environment from
a large-scale ANFO detonation.

EXPERIMENT DESCRIPTION: Instrumentation was installed to

record the airblast parameters throughout the pressure

range 5000 to 0.5 psi (35,000 to 3.5 kPa). Incident and

total head overpressures were recorded both along the

ground surface and at various heights above the ground

(refer to Figures 3-34 ana 3-35). A total of 8K free-
field airblast measurements were recorded. The three main

I gage lines required 69 of these measurements (refer to
Figures 3-36 through 3-38 and Tables 3-8, 3-9 and 3-10).

Some of these measurements were made for: AFWL air-
craft shelters (3), stations 112, 214 and 219; BRL heli-
copter experiment (1), station 136; BRL C3 (7), stations

229, 232 and 235 in location 0-2, stations 229, 232 and

235 in location 0-3, and station 232 in location 0-4;ii Lovelace Foundation fighting bunker (2), stations 321 and

323; BRL wheeled vehicle area (9), stations 320, 322, 324,

325, 330, 332 and 335 in location 0-3, stations 322 and

324; support was also given to DRES and DRI.

(b) TITLE: Blast Effects on In-Flight Helicopter, DNA Project #107

PROJECT OFFICER: Mr. R. Mayerhofer (301) 278-3663

OBJECTIVES: (1) Determine the structural response and rigid

body motions of an in-flight helicopter subjected to blast
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loading and compare the resultant data with predictions

made by computer modeling; (2) compare the response of

newly developed transparent armor to the response of con-

ventional Plexiglas observed on MIXED COMPANY.

EXPERIMENT DESCRIPTION: A tethered drone UH-lB helicopter

°Q with 56 channels of structural and rigid body motion

instrumentation (strain gages, pressure transducers,

accelerometers and gyros) was flown in a hover config-

uration at 50 - 60 ft (15.2 - 18.3 Im) altitude side-on

to the blast wave propagation (refer to Figures 3-39

and 3-40). Eighteen strain measurements were made on the

main and tail rotor and the instrument panel. Bending

was measured with one gage on the tail boom and one gage

on the vertical fin. Internal and external blast pres-

: I sure measurements were made at two locations on the tail

boom. The main and tail rotors RPMs were recorded as

well as the flap angle. To measure the Rigid Body Motion,

there were acceleration gages placed at each axis at the

center of gravity. Attitudes (pitch, yaw and roll),

attitude rates (pitch, yaw and roll), and altitudes were

recorded. Measurements were made of the control posi-

tions and tether loading.

The instrumentation was "hard wired" to four magnetic

tape recorders located at a manned control bunker. The

helicopter was viewed by two cameras on the ground and by

two onboard cameras. An additional camera was used inside

the control bunker to record the drone pilot's response

and to view the drone control panel. Free-field blast

measurements were made in the immediate vicinity of the

helicopter. A complete transparent armor kit was in-

stalled on the drone helicopter and an additional heli-

copter (UH-IB), also with a transparent armor kit in-

stalled, was included in the project as a static ground
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Figure 3-39. In-Flight Helicopter Control Bunker, Remote Pilot
Position (Top Photo), and Recording Instruments
(Bottom Photo), DICE THROW
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Figure 3-40. In-Flight Helicopter Experiment, DICE THROW
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target (refer to Figure 3-41). Instrumentation for the

static helicopter consisted of motion picture coverage

from two cameras and from internally mounted styrofoam

blocks that acted as fragment catchers. Refer to Figure

3-42 for layout details of this experiment.

(c) TITLE: Blast Effects on U. S. Army Wheeled Vehicles, DNA

Project #034
PROJECT OFFICER: Mr. R. Raley (301) 278-4912

OBJECTIVES: (1) Determine damage versus distance and asso-

ciated blast parameters for U. S. wheeled vehicles; (2)

correlate such damage with past nuclear test data and

with current prediction techniques; (3) record movement

of large vehicle targets for evaluation and improvement

of motion prediction techniques.

EXPERIMENT DESCRIPTION: Refer to Figure 3-43 for an overall

view of this experiment. Twenty 1/4-ton trucks, fifteen

2-1/2-ton trucks, and two vans were exposed to the airblast.

Obsolete, 1/4-ton (M-38) vehicles were selected because

these models were exposed on past, above ground, nuclear

tests. The M-38 jeeps for operation DICE THROW were ob-

tained from excess property depots located throughout

the U. S. (refer to Figure 3-44 for photographs of some

of these test items).

The originally selected M35A-? ?-1/2-ton trucks were

chosen as desirable targets because they represented a

current class of cargo vehicle; a vehicle whose cargo

can include large electronic shelters. However, these

models were not available and older model M35's were used.

Primary investigations indicated that damage and response

of an M35 could be directly related to the damage and re-

sponse incurred by an M35A-2 if both were subjected to

the same blast loading.

The vehicular targets were exposed to the air blast

at overpressure levels ranging from 3 to 40 psi (21 to
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Figure 3-41. BRL Remote Control Helicopter Pad During Constructi-on
(Top Photo), Static Helicopter with Transparent Armor
Kit (Bottom Photo) on DICE THROW
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280 kPa). Damage data obtained from the exposure of

both the 1/4-ton and the 2-1/2-ton trucks were to be cor-

related with similar data obtained during past nuclear

tests.

The 1/4-ton jeeps were tested at pressure levels

which would cause damage ranging from severe to light,

and the 2-1/2-ton vehicles would suffer moderate to light

damage. Since it was desired to compare damage to the

2-1/2-ton trucks with past nuclear data, for comparison

purposes, two of these vehicles were tested without any

cargo load or canvas. However, it was also desired to

simulate a current, battlefield ready, cargo truck; thus,

the remainder of the 2-1/2-ton vehicles were tested with

mock loads and canvas in place.

The response of the vehicles at the 14- and 20-psi

(98- and 140-kPa) locations were to be recorded on high-

speed motion picture film. These data will be precisely

read and used to verify or improve existing vehicular

overturning prediction codes. Four of the 2-1/2-ton

trucks and two of the jeeps were restrained by a concrete

curb su that they would be permitted to overturn but not

to slide; this information will also be useful in veri-

fying motion prediction codes.

Overpressure and dynamic pressure was to be measured

near each target to insure that the blast wave character-

istics were defined. The whole-body motion of selected

vehicles was to be recorded by high-speed photography.

Ground stabilization was attempted to reduce dust pick-up

at the camera stations. The material used was COHEREX,

a water emulsion of petroleum resins (refer to Appendix A).

Refer to Figure 3-45 for details on experiment layouL.
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6. Ballistic Research Laboratory (BRL)/J. S. Army Electronics
Command (ECOM)

TITLE: Vulnerability and Hardening of Command, Control and

Communication Shelter Systems, DNA Project il03.

PROJECT OFFICERS: Dr. W. Schuman (301) 278-4320/Mr. R. Frei-

berg (301) 544-4683.

OBJECTIVES: (1) Determine the vulnerability of current opera-

tional tactical signal communication systems. (2) Evaluate

retrofit hardened shelter-system designs developed under the

U.S. Army Materiel Development Readiness Command (DARCOM)

Hardened Shelter Systems Program and obtain data required by

that program.

EXPERIMENT DESCRIPTION: Refer to photograph in Figure 3-46 for

an overview of this experiment. Figure 3-47 pertains to the

details for placement of the test items.

(a) Vulnerability of Operational Tactical Signal Communi-
cation Systems Program

Elements of a basic tactical signal comiunication cen-

ter were exposed at three pressure levels. Truck-mounted

U--

Figure 3-46. Overview of CCC Experiment, DICE THROW
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assemblages representing two centers were exposed at each

level. The range of levels selected did encompass the range

of levels now existing in specifications for these systems.

One TRC-145 in an S-250 shelter with its power supply and an-

tenna connected, and a split terminal using TRC-11O and

TCC-61 in S-280 shelters with their power supply and antenna,

were exposed to a predicted 3-, 5- and 7-psi (21-, 35- and

48-kPa). The S-250's were mounted on a 1-1/4-ton truck,

the 280's were mounted on 3/4- and 1-1/2-ton trailers. In

addition, there were equipments peculiar to switching and

automatic data processing. These assemblages include: the

GRC-lu' radio, TD-660 multiplexer, patch panels, teletype-

writers, and TD-206 pulse restorer in land-lines. The single

and split-teraiinal equipment were turned on; those at 3 psi

(21 kPa) were operating over land-lines through the blast

period. All equipment was checked operationally before

and after the test.

The TRI-TAC switch was mounted in seven S-280 shelters at

the predicted 4-psi (28-kPa) level. The shelters were placed

on the ground at various orientations, with and without re-

butments. The ATACS switch was mounted in two truck-mounted

S-280 shelters at the predicted 3- and 5-psi (20- and 35-kPa)

levels. Refer to Figures 3-48 and 3-49 showing the S-280

and S-250 shelters in.different configurations. Th-e ARTADS

modular shelters with some equipment were fielded at the

predicted 3- and 5-psi (21- and 35-kPa) levels. A SATCOM

hardened, simulated antenna was fielded at the predicted

7.3-psi (51.l-kPa) level (Figure 3-50). One Surgeon General

shelter was fielded at the predicted 4-psi (28-kPa) level.

The REMBASS sensors were fielded at all four levels. Two Air

Force Electronic System Design (ESD) expandable shelters

(portable toilets) were fielded at the predicted 4-psi (28-kPa)

level (Figure 1-51).

Each of the signal center shelters contained eight ac-

celerometers mounted at critical positions on the electronic
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Figure 3-49. CCC Experiment S-250 Shelter (Top Photo), Modular
Shelter (Bottom Photo), DICE THROW
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Figure 3-50. CCC Experiment SATCOM Antenna (Top Photo), Receiving
Si1te (Bottom Photo), DICE TROW
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Figure 3-51. CCC Experiment Air Force/ESD Expandable Shelter
Inside (Top Photo) and Outside (Bottom Photo),

DICE THROW
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equipment. Pressure gages measured tle loading parameters.

Two duiunies were placed in each of two S-280 shelters with

cameras. The intent was to obtain data at low, medium and

high levels of damage. The condition of all equipment was

carefully assessed before and after blast exposure.
Tle TRI-TAC, ATACS and ARTADS shelters contained four

accelerometers each. The SATCOM-simulated antenna was in-
strumented with eight strain gages. Tile Air Force/ESD

contained six deflection gages and three accelerometers.

(b) Shelter Systems Program (Refer to Figures 3-52 and

3-52.)

In order to meet the specific objectives, a number of

retrofit S-280 shelters and overturning models were exposed

at three predicted pressure levels: 5-, 7- and 15-psi
(35-, 49- and 105-kPa). Two retrofitted S-280 shelters,

mounted on 2'2-ton trucks, and one fixed to tile ground,
were positioned at tle predicted 5- and 7.3-psi (35- and

51.l-kPa) levels.

Tle truck-mounted shelters had equipment racks which

were supported by snlock-isolation systems. Simulated

equipment were placed within the racks. Tile shelters were

exposed at the pressure levels for which they were de-
signed to survive, and in their most vulnerable orientation.

Instrumentation included pressure, displacement and ac-

celeration gages. Peak-reading gages were used to measure
peak displacements and accelerations. Displacement gages
were used on the walls of one shelter and on the ground

to obtain data for detailed comparisons with predictions

of wall response. Two anthropomorphic dummies were placed
within one shelter to obtain information on effects oil

personnel. The motion of tle dumnies was recorded by

cameras within the shelters. Cameras were used to observe
the exterior environment and response of tile shelter and

truck-shelter combinations.
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Figiure 3-52. CCC Experiment S-280 Overturning Model (Top Photo)
and S-280 ,.Telter (Bottom Photo), DICE THROW
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Figure 3-53. CCC Experiment Retrofit Shelter (Top Photo) and
IniternalI View wi th Anthropomorphic Dummy (Bottom
Photo), DICE THROW
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7. BOEING Aerospace Corp.

TITLE: Industrial Equipment Survival/Recovery Feasibility Program

PROJECT OFFICERS: Mr. E. York and Mr. R. Holze

OBJECTIVE: Demonstrate the feasibility of achieving significant

protection via earth arching under dynamic loads and deter-

mine what soil depth would be required to provide adequate

arching.

EXPERTMENT DESCRIPTION: (Refer to Figure 3-54 for details on

the overall experiment layout.) Several types of equipment

were placed at 600, 200, 80 and 40 psi (4200, 1400, 560 and

280 kPa) locations. There were four large machines tested:

a minibike at 600 psi (4200 kPa), an exactomatic drill grinder

at 200 psi (1400 kPa), an electrolytic chip breaker grinder

at 80 psi (560 kPa) and the power supply for the electrolytic

chip breaker grinder at 40 psi (280 kPa). Other equipment

included: 16 aluminum 6-in. (15.2-cm) diameter pipes of three

different wall thicknesses at 600 psi (4200 kPa); 6 electric
chain hoists to represent rugged machines; four varidrives and

a vacuum pump to represent medium hard machines, 22 mechanical/

electrical desk calculators and adding machines to represent

soft machines; and five water-filled electronic cabinet racks

to represent chemical tanks from chemical processing lines.

Most test specimens were placed on a foundation of rigid

polystyrene f oam. Either flexible polyurethane or alunnum

chips were placed under some specimens to represent the place-

ment of final protective material to fill voids in the mach-

ine support stand or legs. Refer to Figures 3-55 and 3-56

showing equipment packing and trenches used for equipment

placement.

All machines were surrounded on all sides and on top by

a layer of aluminum chips. Most of the specimens were placed

at depths where arching of the soil above the protective

material was expected to provide protection from the blast
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Figure 3-56. Boeing Industrial Equipment Trench, DICE THROW

wave. However, at the 200-psi (1400-kPa) station, a set of

mechanical/electrical calculators were placed on 1-ft (0.30-m)

increments at depths from 5 ft (1.5 m) to only 1 ft (0.30 m)

to assure damage to some specimens and hopefully to determine

the minimum depth of cover necessary to assure effective

soil archinq.

8. Canada/Defence Research Establishment Suffield (DRES)

TITLE: Blast Response of Navy Masts, DNA Prnject #166

PROJECT OFFICERS: Mr. J. Watson and Mr. F. Winfield

(403) 544-3701, ext. 285

OBJECTIVE: Determine the blast response of Navy masts and

antennas. Refer to Figures 3-57 and 3-58 for an overall

view of this project.

EXPERIMENT DESCRIPTION: (1) Blast Response of Navy Masts

1 , (Refer to Figure 3-59.) A 30-ft (9.14-m) lattice-type

mast, designed by computer, mounted on a 26xl3x3-ft

(7.9x3.96x0.9-m) concrete base was located at the pre-

cicted 10-psi (70-kPa) location. Instrumentation included
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Figure 3-57. DRES Experiment Overviews, DICE THROW
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36 channels recording strain, eight bending strains,
three acceleration and one high-spee camera.

(2) Blast Response of the UIIF Prolemast Antenna.

(Refer to Figure 3-60.) A newly developed UHF polemast

antenna was placed at tile 7-psi (49-kPa) incident over-

pressure level. The mast was 30 feet (9.14 m) high and was

mounted on a 12x6xl-i/2-foot (3.7xl.8xO.46-m) reinforced

concrete base. Instrumentation consisted of 10 channels re-

cording structural response (strain), overpressure trans-

ducers, and high-speed photography. Note the dust collector.*
(3) Blast Response of35-foot (10.7-m) Fiberglass 41ip

Antenna. (Refer to Figure 3-60.) Three redesigned 35-foot

(l0.7-m) fiberglass whip antennas were placed at the 10-, '12.2-,

and 7-psi (85.4-, 70- and 49-kPa) incident overpressure levels.

Instrumentation consisted of strain plus overpressure t" ans-

ducers and high-speed photography.

(4) Aerodynamic Draq. (Refer to Figure 3-61.) Three sizes

of cylinders were used to measure the aerodynamic 'rag: 3.5-,

9- and 18-in. (8.9-, 22.9- and 45.7-cm). The 9- .id 18-in.-(22.9-

and 45.7-cm)-diameter circular cylinders will p ovide an almost

complete spectrum of drag loading on cylinder.. The 3.5-in.
(8.9-cm) cylinder will provide experimental ,results for correla-

tion to actual members of model masts. Cy'iinders were exposed

at 20-psi (140-kPa), 10-psi (70-kPa) and 7-psi (49-kPa) locations.

instrumentation consisted of 12 channels of velocity data plus

overpressure and high-speed photograpliy.

(5) Airblast Measurements. A total of 14 Bytrex Model

llfll-l00 strain-type pressure transcIucers were installed.
Fifteen transducers were located Fhead of, or in the

vicinity of, the structural response targets and the
aerodynamic drag experiments to define their blast en-

vironment. One transducer was iiistalled at each of tile

*Next to the antenna. Fifteen dust collectors were placed adjacent to the
drag cylinders. (See (4) below.) This was to assess tle augmentation of
drag force within 6.5 feet (2m) of the ground.
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1 Figure 3-61. ORES Drag Cylinder Mounts and Whip Antenna
in Backqround, DICE THROW

50-psi (350-kPa) and 5-psi (35-kPa) locations to extend

the range over which pressure-distance data would be

obtained. At the 20-, 10- and I-psi (140-, 70- and 49-

kPa) levels, transducers were set out so that two trans-

ducers were on a radial line through ground zero. The

time of arrival of the shockwave at the successive gages

would be used to calculate shock front velocity from which

peak overpressure could be calculated for comparison with

the results obtained from individual transducers.

9. CHRYSLER

TITLE: Gunner's Primary Sight (GPS) and Crosswind Sensor

PROJECT OFFICER: Mr. Smi tU

OBJECTIVE: Verify prediction mode during the XMI Validation

Phase ah to responses of the subsystem and their components

to simulated nuclear blast loading.
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[XPLRIMLN1 DESCRIPTI ON: The-, Gunner's Primairy Sitiht kGPIS) and
Crosswind Nensor werc, placed at the predi cted 1O-p1si ( /OkVa)

overpressure 'level .These devices were mounted in mi I uponi
thle ball Iis tic test s tand. (Re fer to [ iure 3-ofl) . Tit baw.

was mlade of reinforced Concrete and was desi nled to Prevent
giross movemeit of tile experinmnt by the blas t wave drat) load-

i ng. (Refer to riqture 3-63 for' tile experimenolt 'layout detail. )
10. Denver Roseardi Dis ti tute (PR)

I VILE: Tcnical Photography. D)NA Project #921
PROJECT OFFICER: Mr. J. Wisotski , (303) 1A'3-26 or -4781

OBAJCTI IS: Perform and analyze Iromnd level techni cal motion

[photoqit'aphly and analyze overhead and iromld level photo 1raph

to identify the fireball and shock environment characteris-
tics from a 6428-ton (570-metric-ton) ANFO detonationl.

EXPERINT DESCRIPT ION: PRI was res;ponsible for thle technical
photographly ot thle detonation phlenomenam from P1 CI 1 IIROW

j.: 
.. '9696 

A

Fi gure -6 2 CHRYSLER Gunner'01s P11 innt y Si qht (GPS) anld
Crosswind Sensor, DiCE T11ROW
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emplt'ytvd at four- localjons inl the DRI technical photography
tmigrami. Thle BRI technical photc-qraphv util1izLed 7,1. cameras
situated ill sevenl project locations.

The PRI camera locations were about 4500 ft (1371.6 ill)
fromi surface Iroujnd z-ero (NSG2) kind were si tuated radially
approximately west (1), south (2'), southeast (3) and east (41)
around SGZ (refer to Figjure 3-64). There were three cameras
each at thle west and southeast stations. There were 13 cam-
eras and three photometric device,* at the main camer-a station
(2'). There were nine cameras situated inl the east camlera
s ta tion. Table 3-11 gjives a listing of the canviras and photo-
mletric devices usedi in thle p otogiraphy of thle detonation

phem eena I.' channels of photometric data. Two ot these

channels were used to obtain the average detonation velocity
througjh the chargje. The other tenl were used to obtain thle
temperature-time1 unit radiation and total radiation data.

The ORI technical photography was divided amoing seven proj-
ects which utiliZed 78 camer-as (r-efer- to Figurle 3-65 showing
~t-muera iounts) , h I rjc W ~ c cpto id tilnt be o
cameras employed duringj the event are as indicated inl Table31.

11. Stanford Research Institute (SRI)
TITLE: Wall Experiment, DNA Project 4337
PROJECT OFFICER:. Mr. C. Wieile (415) 326-6'200
OBJECTIVE: Investigjate the dynamic response and collapse modes

for two types of Gennan house construction subjected to air
blast loadingj; the two types were masonry c ivi ty %.all and
Fachwerk * or hal f-tiim-~e construction. Thle data from this
experiment are of direct interest to thle development of thle

D~NA collateral damage mnethodol ogy.
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Table 3-12. Additional DRI Camera Stations Required
for Agency Support

Project Number Used

C3 Shelters 27

ARMCOM 20

Wheeled Vehicles 12

Helicopter 7

Wa l 6

Lovelace 3

Foreign 2

Oak Ridge 1

TOTAL 78

EXPERIMENT DESCRIPTION: The test structures constructed by Falcon,

Inc., Socorro, New Mexico, were approximately 16 ft x 28 ft

(4.9m x 8.5me) in plan dimensions and about 20 feet (6.1 m)

high at the ridge. (Refer to Figures 3-66 and 3-67.) There

were three identical structures, each located at a different

range east of ground zero. Structure No. 1 was located at a

range of 1140 feet (347.5m), [7.0-psi (21-kPa) predicted free-

field overpressure level]; Structure No. 2 at 1730 ft (527.3m)

[3.5-psi (24.5 kPa)]; and Structure No. 3 at 2750 ft (838.2m)

[2.0-psi (14-kPa)]. The front wall of the structures faced

west. Refer to Figure 3-68 for the experiment layout.

Each structure consisted of two adjoining, but distinct

test cells constructed on a conmnon reinforced concrete slab

cast on grade: one test cell was of masonry cavity wall

construction and the other of Fachwerk, or half-tiiiber con-

struction. The masonry cavity wall test cell consisted of

unreinforced brick and concrete masonry unit wall panels on

the front and one side, and a reinforced concrete ceiling

slab. The Fachwerk wall test cell consisted of brick and

111-116
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Figure 3-67. SRI German Structures Lxperimient -Co 1apleted Strt'~ure
(Top Phnoto) , Transducers Inside Structure (Bottom Photo)
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timber wall panels on tile front and one side, and a timber

joist ceiling system. The back wall of the test structure

and an interior wall separating the two test cells were con-

structed of reinforced concrete masonry units. The test

*structures were covered by a wood-frame gable-roof system

supporting heavy clay tile roofing.

The selection of the walls to be included in the field

test was based on typical types of West German house construc-

tion for which no dynamic response and collapse information

was available. One wall type selected was representative of

masonry cavity wall construction found in load-bearing wall

residences of relatively recent periods, and tile other wall

type was representative of the traditional Fachwerk (half-

timber) construction prevalent throughout Germany during pre-

vious periods.

The instrumentation for the three test structures included
35 plectronic gages, consisting of 26 pressure and 9 deflec-

tion gages, and 6 high-speed cameras. Tile electronic gages

consisted of exterior pressure gages to measure the pressure-

time history of tile front and side test walls; interior pres-

sure gages to measure the pressure transients and the room-

pressure build-up for determining the differential pressure-

time loading on the test-wall panels; pressure gages to measure

the pressure-time on the upper and lower surfaces of tile second-

story (ceiling) concrete slab to determine if a significant

pressure differential existed on the slab; and deflection

gages to measure the dynamic response of selected wall panels.

These measurements were installed and recorded by BRL. Tile

photographic coverage was provided by DRI.

All structures were instrumented identically, except that

Structure No. 3 (at 2.0 psi (14 kPa)) had two additional head-on

pressure gages located in the front face of the reinforced

concrete pilaster that separates tile masonry cavity and

111-120



Fachwerk test walls. The purpose of the additional pressure

gages was to determine if any pressure anomalies occurred on

the exterior surface of the front wall as a result of the

1-ft (0.30-n) overhang of the second-story floor systems.

Two high-speed cameras were installed at each structure

location. The cameras were located north and south of each

structure at an angle of 50 degrees from the front wall, and

their primary purpose was to record the mode of response and

collapse mechanism of each wall element, including individual

Fachwerk panels. The cameras were to supplement the elec-

tronic gage measurements, and to assist in the post-shot

analysis by providing a visual record of the initia" and

final wall break-up and debris transport.

12. Federal Republic of Germany (FRG)/U. S. Armiy Engineer Waterways

Experiment Station (WES)

TITLE: FRG Structures Test, DNA Project #157

PROJECT OFFICER: Dr. J. Balsara/WES, (601) 636-3111, ext. 2750.

OBJECTIVES: The objectives of the FRG program are to provide

information on the loading and response of above-ground, sur-

face flush, and buried structures; provide experimental data

to verify analytical and design procedures; and identify the

instructure shock environment.

EXPERIMENT DESCRIPTION: Refer to Figures 3-69 through 3-71 for

views of the test items during the construction phase and

after completion. The program included the testing of 12

structures representing six designs. Duplicate structures

were placed at different ranges from ground 4ero in an attempt

to incur structural response at the design level and at a

level where moderate damage would be observed. The test

structures consisted of six models of a rectangular shear-

wall design with an interior floor and wall, two full-scale

prefabricated modular concrete personnel shelters (refer to

Figure 3-72), two full-scale prefabricated corrugated-metal

I1
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Figure 3-70. FRG/WES Rectangular Shear-Wall Design Structure
Below Ground, DICE THROW
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Figure 3-72. FRG/WES Full-Scale Prefabricated Modular Concrete
Personnel Shelters, DICE THROW
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personnel shelters (refer to Figure 3-73), and two blast

doors (refer to Figure 3-74). During the main event, 175
channels of instrumentation were recorded. Data channels

consisted of acceleration, velocity, strain, airblast pressure,

and soil stress. Refer to Figure 3-75 for details pertaining

to experiment layout.
After the main event, some testing using spherical charges

of TNT are expected to be conducted on the undamaged ERG rec-
tangular shear-wall structures to determine damage from simu-

lated conventional weapons and to accumulate additional infor-
mation on the internal shock environment caused by these

weapons.

13. General Motors (GM)/Detroit Diesel Allison (DDA)/ARMCOM
TITLE: Ballistic Skirt/Hinge Subtest, Unity Vision Periscope/

Universal Driver's Viewer, and Engine Compartment Fuel-Cell

Subtest
PROJECT OFFICERS: Mr. Schnell and Mr. Herman

OBJECTIVES: (1) Determine if the hinges and bolts used to secure
the skirts to the vehicle will withstand the blast environ-

ment and evaluate the deformation to the skirts; (2) deter-

mine if the integrity of the Coiinander's station unity-vision-
periscope mounting hardware is maintained in the blast; and

(3) determine the damage on a fuel tank due to differential
pressure and flexure and evaluate any effects on the tanks

mounting hardware.

EXPERIMENT DESCRIPTION: The ballistic skirts were secured by
means of representative vehicle hinges to a holding fixture

which is in turn secured by concrete to the ground (refer to
Figure 3-76, top photo). The fixture was positioned side-on

to the blast. High-speed movies were taken of the skirts

during the course of the testing.

The unity-vision periscope and the Universal Driver's
Viewer were mounted in a common test fixture (see Figure 3-76,

1i1-126
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bottom photo) and oriented such that the optical surfaces of

the devices faced the blast.

Tile fuel cell was mounted on a holding fixture which sim-

ulates the mounting interface provided with the hull. This
holding fixture was secured in a reinforced concrete pit which

was covered by a simulated engine compartment grill (see Fig-

ure 3-77). A pressure transducer, supplied by WSMR, was

mounted to the fuel-cell-holding fixture to record the blast

pressure.

14. Lawrence Livermore Laboratory (LLL), DNA Project #969

TITLE: Explosive Perforinance Diagnostics
PROJECT OFFICER: Mr. B. Hayes (415) 447-1100

OBJECTIVES: Provide performance diagnostics by monitoring the

sequence of events beginning with tile firing of tile booster
detonators and ending with the ANFO detonation wave along the

main radials within the charge.

EXPERIMENT DESCRIPTION: (Refer to Figure 3-78) Five measurements

were recorded: detnogram, BIS simultaneity, transit times,
pressure and detonation velocity.

(1) Detnogram: A detnogram record was to be made to de-

pict the characteristic performance-time of events heginning

with the start of current into the detonator bridgewire and
ending with the output impulse. The purpose of this measurement
is to sample a representative detonator for comparison with

prior certification tests. In addition, tile detnogram would

provide an absolute zero time for the sequence of events
which followed. It will be compared with the fiducial signal

and serve as the zero time for the simultaneity BIS measurement.
(2) BIS Simultaneity: Barium Titanate (BaTi) polarized

signal pins attached to tile outside of the Octol explosive

served to measure tile arrival time of the booster waves
at the driver-acceptor interface. The expectation was that

there would be seven simultaneous arrival signals. To
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acconmmodate these signals, the four odd-numbered booster

column signals were mixed and delay-looped for display

on a raster pin machine. Similarly, the three even-numbered

booster column signals were displayed on a separate pin

machine. In addition, the even-numbered signals started tile

time-interval meters for transit-time measurements along tile

main radials.

(3) Transit Times: BaTi trigger pins located along the

instrument park (IP) radials served to trigger quartz

gage pressure record oscilloscopes and stop the time-inter-

val meters. Transit-time measurements were taken at 3,

6 and 9 ft (1, 2 and 3 m) from tile booster column along IP-l,

IP-2 and IP-3, respectively. Tile vertical positions were

at booster levels 2, 4 and 6, respectively, numbering from the

ground up. Exact measurements of the implanted pins were

noted during stacking to obtain average detonation velocities

over tile radial distances. This information is also used

to correlate the pressure measurements.

(4) Quartz Gages: Three pressure transducer quartz

gages were embedded in tile ANFO stack along radials IP-l,

IP-2 and IP-3, at tle termination of tile transit-time pins.

These gages generate a signal current which is proportional

to the stress in the quartz. Standard impedance matching

formulae relate the transducer signals to the detonation

pressure. Characterization of tile ANFO stack is accomplished

by the interrelationship of the stack density, detonation

velocity and peak pressure.

(5) LogR ick: The constancy of the detonation

velocity relates to tile steady-state behavior of the explosive.

The large cellular construction demanded by tile stacking in-

troduces voids, gaps and shock interactions. The purpose of

the long rate stick, sampling the shock front approximately

every 100-1s, is to observe excursions about some average
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velocity. The rate stick was embedded in the stack opposite

the third booster along the IP-I radial. It had eight sta-

tions, and tle record was recorded on an extended-time

raster scope.

15. Lovelace Foundation (LF)

TITLE: Blast Displacement Effects in Field Fortifications,

DNA Project #408

PROJECT OFFICER: Mr. R. Clark (505) 264-6088

OBJECTIVES: Measure thle motion of dulies exposed to thle air-
blast-induced flow into open fighting bunkers by monitoring

with high speed photography, sel f-recording accel erome ters
mounted in the chest cavity of each dumiy and measuring

stagnation and static pressure properties of tile entering

bl?.t flow.

EXPERIMENT DESCRIPTION: Three identical 3x6-ft (1x2-m) fighting

bunkers were used in this project (refer to Figure 3-79).

Each bunker had a firing port on the front and an acess

ramp on the back. Tile bunkers were constructed of 1/8-in.

(0.32-cm) steel plate welded to a frame of 2x2-in. (5x5-cm)
angle iron. The bunkers were fabricated by the Lovelace

Laboratory. An underground command bunker was also fielded
at the 20-psi (140-kPa) level in the ARMCOM area (refer to

Figure 3-80).

One face-on bunker wds located at 68 0 ft (207 1,,0 (25 psi

(175 kPa)) and two bunkers (one face-on and one side-on) were
located at 820 ft (250 m) [15 psi (105 kPa)] from ground zero.

Six anthropomorphic dummies, simulating men of average
size and weight, were constructed at the Lovelace Laboratory.

Each has most of the primary moveable joints and each has an
accessible chest cavity for installing instrumentation. The

dunies were clothed in G.I. fatigue uniforms with boots and
motorcycle helmets. The helmet straps were fastened tightly
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LI

around the chins of the dumies. One standing and one kneel-

ing dumry faced the firing port in each bunker. The heads

of the dummies were in line with the firing port.
Four omni-directional, mechanical accelerometers called

Impact-O-Graphs were mounted in the chest cavity of each
dunmly. Each Impact-O-Graph contains four steel spheres

which are held in four small cups by two springs. When a

specified peak acceleration is exceeded, either one or both
pairs of spheres should be dislodged depending on the direction
of the acceleration. The four Impact-O-Graphs in each dumy
were rated to unloa(. when the peak acceleration exceeded
either 10, 40, 200 or 800 g's. Calibration experiments were

performed by dropping the dummies flat on a concrete pad in
either a bdck-, chest- or shoulder-on orientation.

There were three Redlake Locam cameras which were the re-
sponsibility of Denver Research Institute. One camera was
mounted in an alcove in the right-hand wall (with respect to

the dummies) of each bunker. The field-of-view was illumi-
nated by four slow-burning Sylvania flash lamps. Timing signals

were used to operate relays to power the lights and camera

from a battery in each bunker. Pre- and post-shot still photo-
graphs were taken of the dummies.

Instrumentatiun included seven pressure gages whicii were

supplied, installed and operated by Ballistic Research LdbU,'d-

tory (BRL). A free-field, side-on pressure gage was located

approximately 40 ft (12.2 m) to the side of the bunkers at

the 680- and 820-ft (207- and 250-i) ground ranges. One

side-on gage was located on the side wall opposite the camera

in each bunker. The stagnation probe was located in each

face-on bunker. These probes were centered vertically with

respect to the firing port so as to receive the maximum stag-

nation pressurE of the entering blast. Refer to Figure 3-81
for a layout of this experiment.
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16. Naval Weapons Evaluation Facilities (NWEF)

TITLE: Aircraft Overpressure Vulnerability, DNA Project #118

PROJECT OFFICER: Mr. V. Stanley (505) 264-9951

OBJECTIVE: Verify the computer code predictions for over-

pressure damage to aircraft. These codes are described in

the Handbook for Analysis of Nuclear Weapon Effects on Air-

craft, DNA-2048H.

EXPERIMENT DESCRIPTION: Three Navy A-4C aircraft were placed

side-on to the blast wave to measure the structural response

of skin panels, stiffeners and frames. Two aircraft were

placed at 1230 ft, 6 psi (275 m, 42 kPa) from GZ and the

third aircraft was placed at a range of 1025 ft, 9 psi

(312 m, 63 kPa) (refer to Figure 3-82).

Medium-speed, motion picture cameras (400 frames/second)

were directed at each aircraft to record the rigid-body mo-

tion. One aircraft at the 6-psi (42-kPa) location was unre-

strained to simulate a flight deck launch condition. The

other two aircraft were tied down securely. These tie-downs

included calibrated load cells to measure the overturning

forces.

One aircraft at 6 psi (42 kPa) was instrumented to allow

recording of structural -train, panel displacement and local

pressure. There were 58 channels of strain data, 10 channels

of pressure transducers and three channels of displacement

data. These channels were recorded in a DNA trailer at

trailer park #i. The off-loading on one test item is shown

in Figure 3-83 along with an overview of the tt area.

17. Netherlands/Ballistic Research Laboratory (BRL)

TITLE: Blast Effects on a Foreign Tactical Weapon System, DNA

Project #135

PROJECT OFFICER: Mr. R. Raley (301) 278-4912

OBJECTIVES: (1) Determine blast response on a Netherla.ds Per-

sonnel Carrier using cameras, pressure gages, acrcierometers
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Figure 3-83. NWEF Experiment Overview (Top Photo) and Off-Loading
Procedure (Bottom Photo), DICE THROW
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and instrumented anthropomorphic dummies. (2) Record damage

to the system and correlate data with data obtained from

blast effects experiments on similar U. S. Army weapons system.

EXPERIMENT DESCRIPTION: An Armored Infantry Fighting Vehicle

(AIFV) was to be exposed at the 15-psi (105-kPa) overpressure

level and oriented 45 degrees to the incident blast wave.

The vehicle was combat loaded with commander's hatch, firing

ports and driver's hatch open. MOD/GON supplied the dummy

which was placed in thecommander's hatch. BRL/LF supplied
the two dummies which were placed in the crew compartment.

I; Refer to the photographs in Figure 3-84.

Instrumentation consisted of two high-speed cameras for

interior and exterior views; three dummies instrumented with

peak reading accelerometers; three interior overpressure meas-

urements; and three accelerometers. This test item was located

in the ARMCOM area near camera station C22. Refer to that

experiment layout figure.

18. Norway/University of New Mexico Civil Engineering Research Facil-

ity (CERF)

TITLE: Ammunition Facility Blast Door, DNA Project #61

PROJECT OFFICERS: Dr. G. Lane/CERF (505) 264-4644 and

Dr. A. Skeljtorp/NDCS

OBJECTIVE: Determine structural response of an ammunition stor-

age facility concrete blast door.

EXPERIMENT DESCRIPTION: The Norwegian Defense Construction Ser-

vice (NDCS) fielded an ammunitions storage facility blast door

at an overpressure of 210 psi (1470 kPa). The Civil Engineer-

ing Research Facility (CERF) was responsible for the construc-

tion, monitoring, instrumentation, and reporting of the

project (refer to Figure 3-85 for the layout of this experiment),

Participation in the DICE THROW event served to qualify

the proposed blast-door structure as a Norwegian, and possibly

NATO, standard for use on ammunition facilities, and for use

in civil defense protective installations.
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Figure 3-84. Netherlaids/BRL Personnel Carri er Interior and
Exterior Views, DICE THROIW
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The reinforced concrete blast door was approximately 10 ft

(3 m) square and 1 ft (.03 m ) thick and was mounted hori-

zontally on a surface-flush reaction pit. Measurements made

on the door consisted of strain on the reinforcing steel,

both passive and active vertical displacements and accelera-

tions on both the door and the reaction foundation. The

photographs in Figure 3-86 show the blast door during the

construction and gage installation phases.

19. Oak Ridge National Laboratory (ORNL)

TITLE: Blast Tests of Expedient Shelters, DNA Project #318
PROJECT OFFICER: Dr. C. Kearney (615) 483-1549

OBJECTIVE: Obtain field data useful in making more reliable

estimates of the practical limitations of expedient shelters
and their expedient life-support equipment.

EXPERIMENT DESCRIPTION: Nine expedient shelters (most of which

were built as paired duplicates for 18 total shelters) were

positioned at predicted overpressure ranges that make their

failure likely (refer to Figure 3-87). The shelters included

four of American design, three of Russian design and two of

Chinese design (refer to Table 3-13 and Figures 3-88, 3-89

and 3-90). The survivability of these shelters was determined

by measurements of the peak overpressure and deflection by

measurements and photographs of shelters components before and

after the test and, for one of the shelters, by a high-speed

motion camera.

20. Rodman Laboratory (ARMCOM)/White Sands Missile Range (WSMR)

TITLE: Blast Effects on U. S. Army Operationally-Oriented

Weapons Systems, DNA Project #36

PROJECT OFFICERS: Mr. R. Nelson/Rodman Laboratory (309) 793-6797

and Mr. J. Gorman/WSMR (915) 678-1161

OBJECTIVES: (1) Determine blast response of high-priority U. S.

Army operationally-oriented weapons systems using cameras,

pressure gages, accelerometers and inst 2nted anthropomorphic
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Figure 3-88. ORNL Expedient Shelter, Russian Design (Top Photo)
and Chinese Design (Bottom Photo), DICE THROW
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operationally-oriented systems were equipped with coninuni-

cations equipment and linked to the forward observer and/or

the comn'.nd posts. Conunications were tested before and

after the blast. The comunications were a part of the ECOM

network and monitored by ECOM.

A complete operational test of each system was completed

prior to the event. Following the event, these same tests

were to be performed. These tests included the firing of

inert projectiles from the XM198 and M109 howitzers. Ten-

lb (4.54-kg) inert rounds were fired at the target area as

shown in Figure 3-94. The same tests were to be repeated

following the DICE THROW event to determine the effects of

the blast on the howitzers. Military personnel, as well as

civilian engineers, were employed for these checkouts.

Refer to Figures 3-95 through 3-98 for photographs of the

test vehicles.

21. Sandia Laboratory Albuquerque (SLA)

(a) TITLE: Airblast Damage Predictions, DNA Project #122

PROJECT OFFICER: Mr. J. Reed (505) 264-3042

OBJECTIVES: (1) Provide airblast damage predictions on

event day to the Test Group Director for consideration

in making final firing decision. (2) Make microbarograph

measurements from several New Mexico communities in the

vicinity of the test site and on WSMR.

EXPERIMENT DESCRIPTION: The blast wave could, under strong

atmospheric propagation conditions, cause some window

breaking and plaster damage to the 90-mile (140-kin) dis-

tance. Since this range contains Socorro, Alamogordo,

Las Cruces and Truth or Consequences (T or C), a weather-

watch was instituted to determine what propagations could

be expected at shot time and provide for delays in case

such extreme cond tions were encountered. Refer to

Table 3-15.
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Figure 3-96. ARMCOM Experiment, M~60 (Top Photo) and M551 (Bottom
Photo) , DICE THROW
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Figure 3-97. ARMCOM Experiment. 577 Coiiuiiucatioii Post and V.A.O.S.
(Top Photo), XM 198 Hlowi tzer (Lower Photo), DICE THROW
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Balloon launches were made at H-4, 4-2, H-1 and H

hours, Sound velocity versus height structures were

calculated for the four general directions toward vul-

nerable conuuni ties. Strong ai rblast propagation could

be expected where the upper-air sound velocities exceeded

surface-level sound velocities, causing refractive duct-

ing, or even focusing, of the blast wave along the ground.

Observations and propagation predictions were telephoned

to the Test Director at H-3-1/4, H-1-1/2 and H-1/4 hours,

for consideration in countdown decision-making.
(b) TITLE: Nuclear Blast Detection System (NBDS)

PROJECT OFFICER: Mr. R. Glazer

OBJECTIVE: Utilize NBDS equipment to measure the azimuth and

time history of an optical event and thereby demonstrate

capabilities of the NBDS.

EXPERIMENT DESCRIPTION: The equipment used consisted of a

tripod-mounted sensor station, a prototype junction box, a

hand-held display, hard-wi red communications, van-mounted

Central Processing Console (CPC) and a motor-generator set.

The equipment was located at WEAP site, 13,280 ft (4,048m)

from ground zero. In order to make time-history and azimuth

measurements, certain modifications were required to prevent

system rejection. A dummy station was located in the test-

bed area. (Refer to Figures 3-99 and 3-100.)

22. 7th Special Forces Group (SFG)

TITLE: FTX Orbit Quiver

PROJECT OFFICER: Cpt. A. Wojcicki, USA

a) OBJECTIVES: Determine blast response of radio/antenna com-

binations and determine attenuation of RF signal.

EXPERIMENT DESCRIPTION: A total of 36 radio/antenna coni-

nations were tested prior to the event. These included

Di-pole, inverted "V", inverted "L", loop, slant wire and

buried multi-wave long-wire antennas connected to the
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AN/GRC-109 and AN/PRC-74B radios. From these combinations,

the five providing the most reliable communications were

tested for blast/shock response at approximately 5000 ft

(1524 m) from GZ. The data obtained from this experiment

will be used to formulate or modify Special Forces Com-

munications doctrine for operations in desert and nuclear

environments.

b) OBJECTIVE: Provide the 7th Special Forces Group (SFG) personnel

with experience of operating in an environment of simulated

nuclear combat.

EXPERIMENT DESCRIPTION: Troop training commenced with a para-

chute infiltration of 17 personnel into Drop Zone DUSTY

(WSMR coordinates 674,222 N 436,218E) on ? Ictober. Exercise

participants performed direct-action missions on targets in

the area of operations during the periods 4 October to 6 October,

and 7 October to 9 October. On test day, the exercise partici-

pants performed a radio transmission experiment. Two 2-1/2-ton

trucks with trailers were utilized for essential support during

the exercise and for transportation of exercise participants to

Holloman AFB at conclusion of the exercise.

23. Stanford Research Institute (SRI)

TITLE: RF Transmission Experiment, DNA Project #52

PROJECT OFFICER: Dr. A. Burns (415) 326-6200, -3625

OBJECTIVE: Measure the effects of dust and debris on signals pas-

sing through the cloud lofted by the detonation.

EXPERIMENT DESCRIPTION: This experiment was designed to measure the

effects on the amplitude, phase and angle-of-arrival of UHF and

microwave signals propagating through the dust cloud (stem, cap

and sweep-up cloud) lofted by the explosion. The transmission

experiment used coherent UHF (379, 413, 424 and 447 MHz), L- (1.24,

1.27 and 1.3 GHz), S- (2.9 GHz) and X-band (8.9 and 10.2 GHz).

it consisted of a multifrequency, phase-coherent transmitter

located approximately 2067 ft (630m) from the detonation, a
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multifrequency receiver and interferometer located on the

extension of the radial passing through ground zuro from

the transmitter, and a relay station to pass a phase-reference

signal from the transmitter to the receiver along a path clear

of the explosion. A 20-ft (6.1-m) earth mound (refer to Figure

3-101) which protects the transmitter and associated electronic

equipment was required at the transmitter location. A seccnd

transmitter was placed in a building (Bldg. 32200) on the ridge of

the Oscura Range to provide a RF path passing about 656 ft

(200 m) directly over ground zero (refer to Figure 3-102). This

second transmitter was phase-locked to the first by means of an L-

band link. The distance from the main transmitter to the

azimuthally-separated receiving antennas was about 2.5 - 3.1

miles (4 - 5 kin). A 7.5-ft (2.3-m) high, 100-ft (30.5-m) long
clutter fence in front of each of the receiving antenna sys-

tems was needed to reduce or eliminate ground reflection and

reflections from equipment and structures associated with

St '

Figure 3-101. SRI Main Transmitter in the Test Bed Area,
DICE THROW
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Figure 3-102. SRI Remote Transmitter Located on North Oscura
Peak, DICE THROW
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the other experiments. It was very important that the lines-

of sight be', ween transmitting and receiving antennas were un-

obstructed.

Vans contained the receiving equipment, and building 32200

accommodated the remote transmitter. The phase-reference re-

peater consisted of a 20-ft (6.1-m) pole with antennas and an

electronics package attached. Refer to the photograph in Fig-

ure 3-103. Tile electronics for the main transmitter were pro-

tected by sheltering them in a metallic (CONEX) box partly

buried in the back of the mound elevating the main transmitter

antenna sysL2m. Refer to the experiment layout in Figure 3-104.

24. Strategic Air Command (SAC)

TITLE: B-52 Observation of DICE THROW, DNA Project #173

PROJECT OFFICER: Maj. B. Stephan (402) 331-3670, -3189

OBJECTIVE: Demonstrate the capability to perform tile damage assess-

ment/strike mission under a variety of limitations and evaluate

the Electro-Optical Viewing System (EVS) against a high-explosive

detonation.

EXPERIMENT DESCRIPTION: Two SAC B-52 aircraft, maintaining five-

minute separation, entered the WSMR from the north at or below

10,000 feet (3,048m) MSL. The lead aircraft entered a holding

orbit of approximately T-22 minutes. The second aircraft main-

tained a five-minute separation throughout the operation. The
mission of both aircraft was to exercise on-board equipment

against the detonation and to perform RBS sorties against desig-

nated targets in the test area. Radar plotboard tracking of

each B-52 was performed by Stallion Range Control from 10 nmi

(18.5m) north of GZ to the GZ for simulated bomb runs scoring

from T-20 minutes until mission completion. Figure 3-105 de-

picts two of the targets for the mission, a simulated hangar

in the top photo and the crater in the lower photo. An addi-

tional simulated hangar acted as a damaged targe2t.
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Figure 3-103. SRI Repeater Station (Top Photo), SRI Receiving
Station (Bottom Photo), DICE THROW
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Figure 3-105. SAC Targets used on DICE THROW, Photo-Simulated
Structure (Top Photo) and a B3-52 over the crater
(Bottom Photo), DICE THROW
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Also included in the experiment was a simulated runway

75 ft (22.9 m) wide and 5000 ft (1524 m) long. The runway

was graded and cleared of vegetation (refer to Figure 3-106).

25. Sweden/CERF

TITLE: Personnel Shelter, DNA Project #169

PROJECT OFFICER: Dr. G. Lane/CERF (505) 264-4644

OBJECTIVE: Verify the Army Shelter survivability overpressure

in order to establish a standard personnel shelter design.

EXPERIMENT DESCRIPTION: (Refer to Figure 3-107 for the experiment

layout.) The Swedish Government, represented by the Royal Swedish

Fortification Administration (RFA), fielded two Army underground

personnel shelters (known as "The Group Helmet") at expected

overpressures of 55 psi (385 kPa) and 100 psi (700 kPa).
CERF was responsible for construction, monitoring, instru-

mentation and reporting of the project.

A basic, life-like human dummy (with accelerometer) was

placed in each shelter containing six pressure gages with one

pressure gage outside. Figures 3-108 and 3-109 are photo-

graphs of the shelters during construction and after comple-

tion, respectively.

26. United Kingdom (UK)/Admiralty Surface Weapons Establishment (ASWE)

TITLE: Blast Response of Slatted Antenna Integrated Masts, Vented

Radomes and Whip Antennas, DNA Project #110

PROJECT OFFICER: Mr. K. Feltham--Attn: British Embassy, ACOW

(Mr. W. Sellek) Washington, D.C. (202) 462-1340,

ext. 2511

OBJECTIVES: (1) Study the resistance of large slatted antenna

to blast, measure slat distortion, evaluate structural loads

and determine the effects that the feed system has in deflect-

ing the airblast onto the antenna. (2) Obtain stress load-

ings, determine resistance to buckling and study the behavior

of flanged joints on an integrated mast under blast loading

when supporting an antenna. (3) Increase shock hardness of
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Ficiure 3-108. Swedefl/CERF Personnel Shelter During
Construction, DICE THROW
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a vented radome by new method of GRP (glass reinforced

plastic lay-up), and (4) Test the blast hardness (fail/not

fail) of two whip antennas.

EXPERIMENT DESCRIPTION: (Refer to Figure 3-110 for a detailed

experiment layout and Figure 3-111 for an overview) (1) The

slatted antenna was placed at the predicted 5-psi (35-kPa)

overpressure range on a 26x14x12-ft (7.9x4.3x3.7-m) concrete

block base (refer to Figure 3-111). A dumy feed was at-

tached to an open framework at the top of the tubular mast.

(2) Two integrated masts, one steel and one aluminum were

placed at the expected 10--psi (70-kPa) and 5-psi (35-kPa)

overpressure range, respectively. These two structures, con-

sisting of a dumLy antenna mounted on a tubular steel mast

12 ft (3.7 m) long, 19-1/2 in. (50 cm) O/D and thickness of

1/2 in. (1.3 cm) were supported on a lower conical steel

strength shell 2 ft (0.61 m) in diameter at the top expanding

to 3 ft (0.91 m) in diameter at the bottom. The length of

the shell was 5 ft (1.5 m) and its thickness was 3/8 in.

(0.95 cm). Refer to Figure 3-112. (3) A vented radone

with GRP lay up [approximate size 3 ft (0.91 1m) in diameter at

base and 3 ft (0.91 m) high with a domed top as an integral part

of the body] was placed at the expected 10-psi (70-kPa) over-

pressure range. Venting was by means of openings at the bottom

and around the circunference. Inside the radomp (also at the bottom)

w was a deflector skirt which directed the airblast up the inside

V walls and clear of equipment to be protected. The radome was

bolted to base rings set in a concrete raft (refer to Figure

3-112). Two whip antennas were included in the test area to

determine blast hardness.
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Figure 3-111. UK/ASWL Foundation for Slatted Antenna During Con-
struction (Top Photo), atid Overall View (Bottom
Photo), DICE THROW
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27. U. S. Army Engineer Waterways Experiment Station (WES)

(a) TITLE: Mobility Experiments (Post Test), DNA Project #174

PROJECT OFFICER: r. A. Rula '601) 636-3111

OBJECTIVES: Determine the degree to which craters formed

in a layered natural material by a large surface explosion

constitute a physical barrier to the movement of military

vehicles (tanks, armored personnel carriers, and cargo

carriers).
EXPERIMENT DESCRIPTION: The vehicles used in this experi-

ment were as follows: M60 tank, M551 vehicle, M577AI

Conmnand Post Carrier, M109 self-propelled howitzer,
M35A2C 2-1/2-ton cargo truck, and M715 1-1/4-ton cargo

truck. These six vehicles were used in a series of mobility
experiments to be conducted after the detonation. (Refer

to Figures 3-113 and 3-114.)

Self-propelled and speed tests were conducted with the

six test vehicles. Also drawbar-pull and motion-resistd,;ce

tests were conducted with the M577AI, M35A2C, and the M715.
All data will be compared with results predicted by using
WES analytical modeling techniques. If any craters are

impassable, the amount of engineering (dozer) effort re-

quired to construct a passable route for vehicles will be

determi ned.

(b) TIILL: Army Personnel Shelters, DNA Project #329.

PROJECT OFFICER: Mr. R. Mlakar (601) 636.-3111, ext. 3365

OBJECTIVES: Determine the structural response, interior

pressure, and survivability of six structures. Provide

data analysis verification.

EXPERIMENT DESCRIirION: In this experiment there were six

shelters tested (refer to Figure 3-75). Two above-ground
corrugated-metal fighting bunker covers (APS-2a and 2b),
one each loca cd at the 20-and 10-psi (14Q-and 70-kPa)

ranges from ground zero; both of these bunkers were
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Figure 3-113. U.S. Army (M551) Armored Reconnaissance Airborne
Assault Vehicle During Mobility Test, DICE THtROW
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Figure 3-114. U -S.A bry (MiDY) Self-Propelled Howitzer Ouri ng
Mobility Test, DICE THROW
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instrumented. Two small, elliptical, metal-framed, fabric-

covered, buried personnel shelters (APS-la and -lb), located
at the 30- and 20-psi (210- and 140-kPa) ranges, were instru-

mented. One large, elliptical, metal-framed, fabric-covered,

buried personnel shelter (APS-3) was located at the 30-psi

(210-kPa) range. This shelter was instrumented with passive

devices only. One rectangular, metal-framed, fabric-covered

buried personnel shelter (APS-4) was located at the 30-psi

(210-kPa) range. This shelter was also instrumented with

passive devices only. There were 41 channels of instrumen-

tation recorded, which consisted of acceleration, velocity,

strain, airblast pressure and soil stress.

Follow-on tests are to be conducted on the undamaged

structures with fuel-air explosive (FAE) weapons. The

objectives of these post-event tests are to gather data

and develop criteria for determining the effects of fuei-

air munitions on urban structures and field fortifications

(refer to Figure 3-115).

Figure 3-115. WES Army Personnel Shelter, DICE THROW
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28. White Sands Missile Range (WSMR)

TITLE: Fielding Support

PROJECT ENGINEER: Mr. R. Dysart (915) 678-5901

UP-RANGE FACILI'Y ENGINEER: Mr. D. Green (915) 678-4275

SUPPORT AND EXPERIMENT DESCRIPTION: WSMR provided the follow-

ing support: construction (including a batch plant for

mixing of concrete, trucks to transport the mixed concrete,

and crushed rock for the construction of roads from a

quarry located on WSMR); communications, including instal-

lation of the telephone and intercom systems; security

and fire protection; survey (Defense Mapping Agency; refer

to "Introduction" section of this chapter for reports iden-

tifying pre- and post-test surveyed target locations); and

meteorological information (weather observation reports to

and on shot day, including pressure, temperature, humidity,

air density, speed of sound, wind data and the index of

refraction, all versus altitude. Refer to "Meteorological

Report Ascension" #234, 6 October 1976, Stallion Range Cen-

ter, Log 0700). WSMR also provided skilled personnel to ac-

complish the above tasks.

The WSMR experiment consisted of providing the documentary

and technical photography for the event. Table 3-16 gives

a list of cameras used in this experiment.

29. Williamson Aircraft Company

TITLE: Aerial Photography

PROJECT OFFICER: Mr. R. Williamson (WAC) and Dr. D. Roddy (USGS)

OBJECTIVE: To perform stereographic photography of the DICE

THROW EVENT.

EXPERIMENT DESCRIPTION: The photographic aircraft flying at an

altitude of 6500 ft (1981.2m) MSL with a speed of 80-100 knots

(148.2-185.2 kph) entered the WSMR from the west and proceeded

to the GZ area. It remained over the GZ area, taking stereo

pictures of the test-bed area and crater. Pictures were also

taken of this blast to detect the existence of anomalies.
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3. Pre-DICE THROW and DICE THROW Reference Drawings List
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DICE THROW TEST GROUP ENGINEER'S REPORT

by

C. A. Klimmek
LT, CEC, USN

ABSTRACT

-- I This report is a compilation of ideas generated and lessons learned

by the Engineering Staff during project DICE THROW. The purpose of this

report is twofold: first, to give future Test Group Engineers an idea

of the areas of engineering involved in an HE program and of the coin-

plexity of this involvement; secondly, to point out specific problem

areas encountered during DICE THROW and to provide recommended solutions

to these problems.

The report is arranged in three general categories: planning, field-

ing, and cleanup. Each category has numerous topics. The topics of the
planning phase are covered chronologically, whereas in the fielding and

cleanup sections the topics are presented in a more random order.
Although every HE test program is unique to its own purpose, loca-

tion, and set of experiments, there are areas which are common to all.

Examples of common areas are power distribution systems or road network
layout. It is to these general areas that this report is directed.
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APPENDIX A

f 1. INTRODUCTION

Tile Test Group Engineer (TGE) is responsible for the planning

and development of the test site and for providing construction support

to experimenters. On DICE THROW tile TGE was aided by the services of

Ken O'Brien and Associates (KOA), a consulting engineering firm. One

engineer assisted full time through completion of the project, and one

senior engineer (electrical) was used, primarily during the planning

phase, for development of the power distribution and instrumentation
cable layouts.

The controlling elements in the design of the test-site layout are
the test-bed layout and tile location of tile trailer parks. These items
are tile responsibility of tile Technical Director (TD), although tile TGE
should provide input on cost effectiveness from the construction point

of view. After the selection of these items the TGE can begin design

of the road network, tile power distribution system, and instrumentation

cable systems. Tile latter item is primarily the responsibility of the
Cable Coordinator (CC), but must be closely coordinated with tile TGE.

The planning of construction support for individual experiments
is largely contingent upon input from the experimenters. Obtaining

adequate information with sufficient lead time to properly plan the

work proved to be a major problem for the TGE on DICE THROW.

Except for the AFWL and the SRI/FRG projects, which were accomplished

by civilian contract, all construction on DICE THROW was done by the

Up-Range Facilities Engineer (FE) at White Sands Missile Range. To

initiate work, the TGE would submit a work request, with appropriate

drawings and specifications, to the WSMR liaison at tile Army Test and

Evaluation Command, who would in turn task the FE to perform the work.
In tile field, direct communication existed between the TGE and the FE.

The working relationship between tile TGE and tile FE was very good. A
major advantage is realized by using a government construction agency

working directly with the test staff, in that the staff is free to use
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phase construction and to adjust the program as it progresses without

initiating cumbersome and expensive change orders.

2. PLANNING PHASE

The principal factors affecting the design of the test-bed layout

are the requirements of the experimenters. The TD generally has the

lead in positioning the various experimenters within the test bed. It

is prudent for the TGE, however, to provide input from a construction

standpoint. Specific elements to be considered include layout area

size and shape, power requirements within the layout, location of free

field airblast lines, and access requirements.

The TGE's first detailed information on experimenter requirements

comes from the Technical Support Plan (TSP) completed by each experi-

menter. FCDNA provides a standard format for the TSP, of which con-

struction support is only one of many sections. On DICE THROW, it was

found that the format of the TSP construction support section was too

general, and considerable variation was encountered in the quality of

information received from the experimenters. It is intended that this

section of the TSP will be rewritten prior to the next large HE test

program.

Another problem area was in the quality of layout and construction

detail drawings received from the experimenters. Again, variation was

considerable, ranging from "back-of-the-envelope" sketches to standard

A-E construction drawings. FCDNA invested much time and effort in

redrafting drawings in order to standardize the layouts and make the

drawings acceptable for use by the conscruction agency. This invest-

ment of effort was worthwhile in that it allowed a smooth-running, -Jell-

planned construction phase; however, in retrospect, it is felt that the

burden of providing adequate construction drawings and more standardized

layout drawings should have been put on the experimenter, This would

free FCDNA to concentrate on coordination of projects and construction

management. The responsibility for proper drawings could be put upon

the experimenter if the TSP were sufficiently detailed to serve as a

directive and guide.
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Along with drawings, the experimenter shoul be tasked to provide

specifications. The specifications need not be complete construction

specifications, unless tile work is to be done by contract, but should

be sufficiently complete so that tile TGE can determine generally what

is needed. Specifications included on tle drawings as notes served

quite satisfactorily for tile United Kingdom experiment on DICE THROW.

The items most often requiring specification on DICE THROW experiments

wer'e those listed in Table 1.

Table A-l. Specification Topics

Concrete strength
required tests
finish
curing requirements

Reinforcing Steel strength
splices

Backfill material
compaction
lift depths

Tolerances level of concrete pad
e n anchor bolt location

A final area where initial experimenter input needs to be improved

is that of power requirements. The TSP format used on DICE THROW again

was not adequdLely deLailed. It also w;'ill be rewritten.

Speaking from experience, the author strongly recommends that the

TGE refrain from becoming involved in the design of any experiment un-

less specifically tasked to do so. Such "volunteer" efforts can snow-

ball into involved and time-consuming jobs.

a. Preparation for Project Officer's Meeting

The Project Officer's Meeting (POM) for DICE THROW was held

approximately nine months prior to the test. This meeting afforded the

TGE his first opportunity for direct contact with the experimenters.

Considerable time and effort went into the preparation of individual

layout and construction detail drawings for each experiment prior to
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this meeting. Because many changes in layout occurred as a result of

the discussions at the POM, and because many experimenters did not have

their construction details finalized until after the meeting, it is

felt that this effort was premature.

After the POM, a large-scale composite layout drawing was de-

veloped. This drawing was used extensively through the remainder of the

planning phase. It is reconiiiended that on future projects a composite

drawing of this nature be developed prior to the POM and used as the

primary-planning drawing. This will reduce the drafting effort, and it

will also provide a better planning tool. On this single drawing, de-

tails of his own experiment layout, as well as of any interactions with

neighboring layouts, will be readily apparent to the experimenter.

Drafting of detailed construction drawings should not be done by

FCD14A priol, to the POM. As mentioned in the previous section, FCDA's

efforts during this Deriod should be aimed toward getting the exporimerl-

ters to provide quality construction drawings and specifications.

Two additi,,nal preliminary drawings that should be availeble for

the POM are the site plan and the test-bed layout (Reference Dwgs. DT 1000

and DT 1001). These drawings can be reduced to notebook size for con-

venient reference by attendees at the POM.

Several major decisions must be made prior to the POM in order

that the intended purpose of the meeting can be accomplished. Tile fol-

lowing information must be available: Ground Zero location, free-field

gage line azimuths, instrumentation trailer park locations, and air-

blast predictions. Final airblast predictions were not available for the

DICE THROW POM. Significant rework of drawings was required when these

predictions were completed. In addition, it is highl" desirable to have

the location of the administration area, the layout of the primary road

system, and the source of electrical power determined prior to the POM.

b. Project Officer's Meeting

Tile POM allows the TGE to present the proposed site and test-

bed layouts to the experiment Project Officers. More importantly, each
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experiment can be discussed in detail with the Project Officer asso-

ciated with it. The areas of primary concern to the TGE are require-

ments for construction support, power, signal cable, timing, and

surveying support.

During the DICE THROW POM experimenters rotated among staff mem-

bers to discuss specific topics. Construction support and surveying

were covered by the TGE and his assistant, a KOA engineer, cabling by

the Cable Coordinator and power distribution by the Electrical Engi-

neer (also of KOA). On DICE THROW, timing was provided by an outside

agency, whose representative was in attendance at the POM.

It is felt that improvement in the POM format could be accom-

plished by separating discussions of experimenters with the TGE from

those with the Program Analyst (PA). The interests of the TGE and the

PA are not closely related at this point in the project. Tile TGE is

interested in finalizing the experiment layout and obtaining construc-

tion details, whereas the PA is primarily interested in costs.

As stated previously, the composite test bed drawing should be

the primary planning tool during tile POM. The experimenter should be

tasked in the TSP to provide construction detail drawings prior to tile

POM, so that these can be reviewed by the TGE and discussed at tile POM.

At the conclusion of tile POM, or as the final discussion, the TGL,

Cable Coordinator, Electrical Engineer, and Timing Representative

should coordinate the layouts of the power, signal , and timing cable

sy Lemb. Although not scheduled, this %.-as done to some extent at tile

DICE TIIROW POM. Sufficient time was not available to hold adequate

discussions.
Minutes of each discussion at the DICE THROW POM were not gener-

ated. It is recomiiended that this be done in tile future. Emphasis

should be placed upon decisions to be made, dates determined for these

decisions, other milestone dates decided on, and decisions regarding

agency versus DNA responsibilities. It would be a good idea to docu-

ment, insofar as is possible, all conversations from this time forward,

with copies of such documents sent to the agency concerned.
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c. Post-POM Planninki
After the POM, the TGE has an enormous amount of work to do in

a short period of time. )he site plan must be finalized aod survey
support contracted for in order that the surveying of roads, trailer
parks, etc. can begin. At the sam time, work must begin on a compo-
site cable plan. This drawing should show all signal, power, timing,
firing, and conulunications cabling.

It is recommended that a mylar reproducible copy be made from
the updated composite layout drawing to serve as a formi for the compo-
site cable arawing. Mylar permits the use of grease pencils to make
the numerous changes which occur during the developmient of this drawing.

Additionally, work should begin on the development ol a total
power requirement estimate. The information required from the PO's for
this estimate includes type of power (AC or DC), location (trailer park,
test bed, bunker) of the power outlet, use (camera, instrumentation,
construction), and the amount and general time frame of the estimated
usage. The total estimate should also include an allowance for add-on
experiments ind for growth of existing experiments. From this estimate

the TGE can decide on what type of power distribution system to use,
and then can begin to work on power detail drawings and acquisition of
the sys ten.

Work can begin on a few of the experiment layouts after the POM.
On DICE THROW, most experimenters were not ready with a final layout
specification until they had had time to digest the discussions of the
POM. It is t-ecoihended, however, that work begin at this time on as
many layouts as possible. To avoid repetitious work, the calculation of
Reference Points (RPs) should be delayed until the experimenter is sure
of his layout. It is essential that finalization of the shock environ-
ment layout, in particular, be completed soon after the POM. A close
working relationship must exist between the TGE, the TD and the shock
environment PO in order to accomplish this.

Construction specifications were wri tten for DICE TIIROW but were

never utilized extensively. Because of the day-to-day working

A-8



i'e1ationship betwoon tile TG1 aind thle FL, Verbal speciflcaions, were
Possible. It' nonl-q~iloernment Cons truct ion forces are used i t will1 be
liecesSairy to Pay mlore Carekful attention to thle preplarationl of wri tten
specifications.

d. Scond POM
Al thouiih a sec,-ond POM was not hold on IIICI THtRO1W s uch a

iuetin shul~ hae ben of cinsiderabltl bonot it to thle TGW . The pur-

pos of such a mleeti n~ would beto finial :e0 the e\11oI'itlk'ft layout and
relui renkvilts for Cons tructio OtNupport for- each experimenvit. This would
have provi ded a cutoff date by whi chiepri tr wort' rtkqui red: to
finalize thei r support needs. I t Nas found onl 0iI0 11II\01 that , to Ie t
theset fitiall requl remont specifications. the TGI or his assistant hiad
to, inl iios t cases,* confront thle oxl, rinkniter inl person. 11he disadvanl-
taqe of hloldi nqj a seconld ful 1 scale 110M. from thle TtW 's s tandpoinit,
is thle l imi ted amount of time that is avail aolo ewith each i ndi vi dual 1,0.

Idealy , an1 mld iv idu tal Im11et in ) ij wth1 ea ch expe10r imeter is thlit
mos t des irabl1e way to filnaii :v 1 ayotit and Construction p1 i nq ll%. Oiln
several of thle mlore comlplex PI1CI iIIROW projiects. thle experimenter
visi ted FCPNA to final i : 1,kyout anld discuss Cons truct ion support.
Thle advantaqje -if requi ii nq thle V0 to visit I NA is that he will be
mlore likely to have comlpleted preparat i ons for thle vis it before lmaki nql
thle trip at his own 1aq01cy 's expense.

One1 filial point to be emphas 1:0d i.% thle fimportance 01 finlal i.:iq
Lte I avoutS of t'hos; support e ! whih impat on 1 JAveutts kit

other experiments at the earliest pos;sible date. I xperilknts inl this
calteqjory include such thli tijs as free field ai rbl as t mea'su remenllt s
technical phloto~jraphly t imill~i anld fi rinl ) anld kiround mlotionl lmeremnts.

11 1Draw In I Iq
Lcoivnen ts conlcernlilln drawilitis are made throtilihout this re port.

Several addi ti onal suies tions are presvinted hetre.
Considerable disc-uss ionl cell tor's aroundk the useo o1t 11li c ver"'s

Enll jishl sys temlls of ui ts dun ij this Period whenl thle U~nited states is
undergioinqj a transition from ono to the other'. At this point inl timeio



it is still necessary to use the conventional English system for con-
struction work. n DICE THROW English units were used on all FCDNA

drawings, although metric scales were provided on general site drawings.

Because many agencies are required to work in the metric syrtem, it is
reconmuended that consideration be given to the use of a "ratio" scale

on layout drawings. Such a scale would enable a user to utilize any
nasurement system and still scale the drawings directly.

Other reconmended drawing improvements include: use of a larger

scale on trailer park layout drawings; use of ink only for site, test-
bed, and survey monument layouts - other drawings sho~ild be maintained

in pencil until it is reasonably certain that further changes will

not be made; showing of all gage line cable runs from GZ to 1500 feet
(J-Box location) on one drawing and all of those from 1500 feet to tle

trailer parks on a second drawing; and finally, incorporation of cable

pull sheets as part of the cabling series drawings.

3. FIELDING PHASE

a. Engineerinq Staff

In the field, the TGE was concerned with overall coordination

and scheduling, construction inspection, and field design changes. The

assistant TGE (KOA), or ATGE, did not report to the field full-time

until site pieparation was complete and construction effort had shifted

to support of experiments. The primary concerns of the ATGE were with
surveying support, project layouts, maintenance oc construction draw-

ings, and field design changes.

Althoiigh tle Cable Coordinator (CC) was not under the TGE in

the DICE THROW staff organization, he did work directly with tle TGE and

receive coordination and scheduling guidance from him. Because of the
complex interaction of construction and installation of cables, a close

working relationship between the CC and the TGE is essential. For that

reason the CC is considered a member of the engineering staff.

Te responsibility for installation of tie power distribution

system on DICE THROW was that of the CC. It is recommended that, if
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tile designer of tile power system is available (as he was dring DICE

THROW), he be tasked with supervising the installation and trouble-

shooting of the power system. This is a critical aspect of fielding

an HE test, as is cable installation, and separate, full-timle super-

vision for these two functions is recoimnended.

Because of tile relatively close proximity of the DICE THROW

test site to FCDNA Headquarters, the need for on-site drafting and

drawing reproduction never becam critical. In retrospect, it is felt

that these capabilities should exist in the field. They become even more

necessary as the test site becomes more ren.te.

Another capability which would have been very useful to tile

DICE THROW engineering staff was that of elementary surveying. Tile

availability of modern survey equipment would have enabled the staff

to perforin short-notice survey work themselves and also to check the

work of the construction survey crew. Tile latter was found to be

necessary because of the criticality of knowing experiment locations

precisely relative to ground zero.

It is important to adhere to established lines of communica-

tion during the construction phase. On DICE THROW, the TGE staff was

tile liaison between experimenters and fie construction forces. The FE

took direction only from the TGE. This was necessary because of tile

large nunber of projects under construction simultatieously. It was

the TGE's responsibility to set priorities and to schedule the con-

Informal TGE staff meetings, were held every afternoon. They

served primarily as an opportunity for exchange of information between

the construction people and the TGE. It would have been of benefit

to the entire project if regular test group staff meetings had been

held as well.

1: S Urvey ing
Tile Defense Mapping Agency (DMA), a tenant coimiand on WSMR,

provided the surveying support for all DICE iHROW events. Because of

DMA's high cost and less tlan adequate service in the areas of on-call
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response time and receipt-of-data time on Pre-DICE THROW, FCDNA looked

into the possibility of using civilian survey support, including aerial

photography, for the main event. Circumstances, howev_:r, required the

use of DMA. A TGE Memorandum for Record, dated 5 January 1977, summar-

izes and evaluates the support reLeived from DMA on tle DICE THROW main

event. In general, this support was satisfactory and a significant

improvement over that provided for Pre-DICE THROW.

The nunber of permanent control points on DICE THROW could
have been reduced significantly. It is recommended that, for future

tests, rather than establishing all control points during the initial

stages of fielding, the agency or firm providing survey support be con-

sulted to help determine the number of control points required to meet

the needs of the experiments. As fielding progresses, additional con-

trol points can be added as necessary.

It was found on DICE THROW that the control point at surface

ground zero (SGZ) was used fo% about 98 percent of the layout work.
The other control points were used during as-built and post-shot surveys.

The reference point (RP) syst2m developed for DICE THROW was

1 i quite satisfactory (Referenc Dwg. DT 1002). The use of rebar posts
as permanent RP's for those experiments where gross movement measurements

were desired greatly reduced the as-built and post-shot surveying re-

quirements. In those cases, experimenters were able to measure from the

closest RP to any point on the experiment with a steel tape.

TWu ddditional minor lessons were learned concerning surveying

support. These are, first, that the placement of a control point on

an existing mound greatly reduces problems of obstruction and heat

distortion, and, second, that construction crews prefer to have corners

rather than centerlines staked for excavations.

c. Schedulinq

On a test group staff, the Program Analyst (PA) is responsi-
ble for development of the test schedule. This schedule is not usually

a detailed construction schedule. If a construction schedule is needed,

the TGE generally should develop it. It is important, however, for the

TGE to work closely with the PA on all scheduling activities.

A-12



W

For DICE THROW, the TGE investigated the use of computer schedul-

inq techniques. Tile necessary coimiputer capability i- available at

FCDNA, Tile only program currently available, however, is the IBM Proj-

ect Management System, 360A-CP-04X, Version 2. This program would

adapt well to long range planning and cost tracking for an HE program.

It is not suitable, however, for detailed construction scheduling over

the short range, and hence i as not used on DICE THROW. It is recom-

m nded that this subject be investigated again for future tests.

On DICE THROW, prtject changes and add-ons were permitted almost

until shot day. Although this policy put considerable strain on the

construction effort, in mst cases the requested changes and additions

were completed. That this was possible was due primarily to the fact

that a government construction force was being used, and formal change

order procedures were not necessary. It is strongly rXecomilended that

the TGE for future tests establish realistic cut-off dates for add-ons

and major pi)ject changes. This is particularly necessar'y if construc-

tion is to be accomplished by civilian contractors.

d. Roads and Drainage

Tile Class A road network (Reference lwg. D 103) is the first

major design item to be completed after the gage lines and trailer

parks have been located. Several sujgestions are offered based on ex-

perience gained on DICE THROW. If at all possible, a 360-degree perim-

eter road should be constructed. From this there should be two primary

access roads to the GZ area. Two are necessary because, during charge

stacking, one road must be reserved for explosive access. The use of

Class C roads for construction and experimenter access to individual

experiment areas was satisfactory. These roads were added as required.

Concerning design of the roads, it was found that a 4-inch

base course is an adequate wearing surface for the duration of a field-

ing effort of the magnitude of that for DICE THROW. Tle road widths

used on DICE THROW, 16-foot minimum for Class A, were m'arginally ade-

quate. If cost permits, wider roads should be considered. The TGE

should take into account the density of traffic and the size of the
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vehicles which will use the roads. A large amount of oversize con-

struction equipment was needed for DICE THROW.

Drainage was not a problem on DICE THROW. The natural terrain

provided slow, wide-spread, unchanneled runoff. Nonetheless, the TGE

must consider drainage problems at various locations, such as in trailer

parks, cable trenches, buried bunkers, J-Boxes and buried experiments.

By obtaining elevation profiles along the gage lines at the DICE THROW

site, the TGE was able to determine general flow patterns over the
entire test bed.

e. Cabling and Power

The installation of' cable is the responsibility of the Cable

Coordinator (CC). Cabling to be considered includes signal cable, power

cable, timing and firing cable, and conmunications cable. On DICE THROW,

communications cable installation was not under the direct control of

the CC, and problems of interference of this system with other cable

systems were encountered.

Cable numbers should be assigned to every cable. These num-

bers should be shown on the composite cable plan as well as tabulated

on the "pull-sheet" drawings. All types of cables, including communi-

cations cables, should be shown on the composite plan. For ease of

handling in the field, the composite drawing can be divided into smaller

drawings covering each gage line or each individual experiment.

On DICE THROW, cables lai! within 1500 feet of GZ were placed

in a 6-inch-wide slit trench and covered. Within 200 feet of GZ, the

depth of the slit trench was 4 feet. Between 200 feet and 1500 feet,

the depth was 2 feet.

The availability of trenching machines has been a problem in

the past. On DICE THROW the FE provided two trenchers, and FCDNA bor-

rowed one each from AFWL and ERDA. Because of heavy use two out of

the four machines were normally down for maintenance or repair. It is

recommended that consideration be given by FCDNA to the purchase of a

trencher for future tests in order to eliminate the need to borrow these

machines. There is no guarantee that the machines will be available

from other sources next time they are needed.
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The practice of using staked RP's at intersections of cable
runs was satisfactory (Reference Dwg. DT 1005). Cable nuibers were

marked on the stakes for the benefit of the cable-laying crew. Yellow

ribbon was used on cable RP stakes to differentiate these from experi-

ment RP stakes, which were marked with red ribbon.

Beyond 1500 feet from GZ, cables were laid in a shallow V

trench. One pass with a road grader could be used to cut an 8- to
12-inch trench in most instances. The purpose of the trench was pri-

iikirily that of protection of cables from vehicular traffic. In remote

areas of the test bed warning signs and fences were also uoed (Reference

Dwg DT 1005, Sheet 1). V trenches along gage lines were separated from

each other to allow the cable-laying rig to pass between them. Power
cables were frequently laid on the berm beside the trench rather than

in the bottom of the trench to protect them from standing water. Fences

and warning signs were used on all power cable runs.

The new cable crossing design (Reference Dwg. Dl" 1005, Sheet 1,
Detail 4) used for DICE THROW proved to be satisfactory and cost-

effective. Cables were recovered with minimum damage. The hal f-culvert

design (Reference Dwg. DT 1005, Sheet 1, Detail 3) was used whenever it

was necessary to install a crossing over an existing V trench.

On DICE THROW, commercial power was determined to be the most

economical and, consequently, was used wherever possible. Two instru-

mentation parks, the administrative area, three camera sites, and three
test I-ed experiments used' cuimiurcial power. Only hns ...ui,,n'a*', tiOil

Park 3, one remote camera location and the Canadian experiment used

generator power. The Canadian experiment required a generator only

because of the breakdown of the 5000-volt cable running from Instru-

mentation Park 2 to the Canadian bunker. This cable has since been

inspected, tested, and marked for 600-volt use only. The damaged sec-

tion has been removed.

It is probable that a more remote site may be selected for a

future liE test, requiring a complete reliance on generators for power.

The need for high-quality, full-time generator maintenance and repair

services would be paramount in this case.

A-15

I ...........



Difh iculty was experienced in estimating the fusing required

for some motor generators (MG). Apparently, some of the older units

have developed internal friction which has increased the start-up cur-

rent. It was found that 100-amp fuses were required in many cases

despite the fact that operating currents were much lower.
Obtaining accurate power requirement estimates proved to be

a difficult task. The problem was primarily one of predicting instru-

mentation van requirements. This information should be provided to the

TGE by tile Instrumentation Engineer (IE).

Transformer substations were used to reduce the cable sizes

required for transmission of power over long distances to tile test bed.

The bunker design for protection of the close-in substations from air

blast was satisfactory (Reference Dwg. DT 1004, Sheet 6). The only

reconinended change is that the tops of the bunkers be more securely

fixed to the structure. On two of the three bunkers used on DICE THROW,

sections of the top grate were jarred loose. No damage to the substa-

tions resulted.

f. Logistic Support

With the availability of vari3us support agencies at WSMR,

logistic support was not as involved as it might be at a more isolated

site. It was found that a central contact person on the test group

staff is necessary to coordinate all purchase orders, open purchases,

shipment receipts, etc. The TGE attempted to fill that position on

DICE THROW; however, because he was in Lhe field at an earlier date than

the rest of the staff, he was unable to keep track of logistic matters

ar'ranged in Albuquerque. It is reconmiended that, on future tests, con-

sideration be given to the assignment of responsibility for all aspects

of logistic support to a sin le test group staff member. Alternately,

a member of the Logistics Directorate, FCDNA, could be assigned to the

staff to fulfill this function.

Open purchase agreements were essential on DICE THROW. Such

agreements were held with a lumber company, a hardware store, and an

auto parts dealer. An open purchase agreement with an electrical
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supplier would have been useful; however, none were available closer

than Albuquerque. Consequently, the FCDNA procurement office handled

each purchase of electrical materials individually. As it turned out,

there were more electrical purchases than purchases of any other f'ind.
Table 2 lists a number of items used frequently on an HE test

by the TGE or the CC. It would be prudent to purchase quantities of

these items in advance for future tests.

Table A-2. Frequently Used Materials

Item Quantity Used on DICE THROW

Plastic electrical tape 300 rolls

Rubber insulating tape 200 rolls

Yellow, pressure-sensitive tape (NTS) 4 cases

Surveyor's flagging 36 rolls

Sandbags 5000

Copper ground rods 20

Wooden stakes 200

Guy wire anchors 40

24-ply string 3 cones

g. Instrumentation Parks

There are several improvements that can be made in future lay-

outs of instrumentation parks. First, as mentioned previously, it is

reco-a,nded that larger-scale drawings of the trailer parks be made

(Reference Dwg. DT 1006). There is a large amount of electrical equip-

ment and cabling that must be located in the parks. A larger-scale

drawing would be helpful in providing clarity of the interaction of

items on the drawing.

The spacing between trailers was adequate; however, it is recom-
mended that the instrumentation trailers be turned around on future

tests so that the towing end is away from GZ. This will eliminate tile

crossing of power cables with timing-and-firing and signal cables.

Trailers were not oriented this way on DICE THROW because of concern
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about possible damage to the weaker rear ends of the trailers. This

fear could be eliminated through use of a protection device designed

for and tested on DICE THROW (Reference [Xqg. DT 1008).

An item which seems to be a problem on every test is vehicle-

access control in the trailer parks. On DICE THROW, control was at-

tempted through tile use of concrete parking bumpers and field wire

fences. These proved to be inadequate. Experimenters, apparently

unaware of the purpose for which these items were intended, moved tile

bumpers and cut tile fences. It is important to limit traffic among
tile trailers because of the large numb)er of signal and power cables

1: in that area. A recoimmlended solution is not available at this time;

however, consideration should be given to this problem in the future.

All instrumentation trailers and mechanical systems should

be thoroughly inspected and tested before they are accepted for use

at the test site. Inoperable equipment caused some problems on DICE

THROW. Tile responsibility for this inspection should rest with tile IE.

h. Grounding System

Tile grounding system in each instrumentation park is critical

to tile overall success of the data collection, and due consideration

should be given to it. Many alternate methods were tried on DICE THROW.

In the end, it was found necessary to sink copper-pipe wells into the

water table. This is the recommended solution where it is practical.

In any event, investigation and measurement of ground resistance should

be undertaken as soon as the trailer park iocatioi have been selected.

A "ground buss" distribution system was used in the DICE THROW

trailer parks. It is believed a "spider" system would have worked more

efficiently, and it should be considered for future tests.

Consideration must also be given to a lightning arrester sys-

tem for each trailer park. The ground for the lightning arrester

should be separate from the trailer grounding system.

i. Construction Equipment

On DICE THROW, tile WSMR Facilities Engineer (FE) provided most

of the construction equipment required. Two concrete transit mixers,
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a backhoe, and several small compactors were required and were leased
by the WSMR-FE.

The type of construction support required by experimenters

will naturally determine the equipment needed. Also, it can be assumed
that, if work is accomplished under contract, the contractor will pro-

vide the equipment necessary to do his work. There are, however, cer-

tain pieces of equipment which will be found to be necessary on any

large-scale HE event for perfomance of support functions. A basic

list of this equipment is given in Table 3. This equipment, and quali-

fied operators for it, must be obtained one way or another before any
large HE event can be fielded. It is recommended that FCDNA consider

tile purchase of two of these pieces of equipment, a slit-trencher and

a reel-o-matic, as an alternative to leasing them for future tests.
j. Field Changes

Last-minute change requests by experimenters can cause signi-

ficant problems for the TGE and his staff. Although it is understood
that the experimenter is motivated by a desire to obtain the maximum
amount of useful information from his project, planning and scheduling

requirements make it essential that this last-minute activity be kept
to a minimum. As mentioned previously, it would be useful for future

tests to have a cutoff date established after which neither add-on

experiment requests nor major changes or additions to existing experi-
ments could be considered. Tile add-on and change cutoff dates would

not necessarily have to be the same, but it would simplify things if
they were. To be successful, this policy would need to have full sup-

port and enforcement by the Test Group Director.

On DICE THROW, field design changes by experimenters were

processed in an informal manner by the TGF. A written request and full
written description of the proposed changes were not required. In the
same informal manner these changes were passed on to the FE for action.

Sketches or drawings were prepared by the TGE staff to aid the FE, if

necessary.
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Table A-3. Support Equipment

Item Use Commien ts

1. 4-Wheel Drive For initial site explora-
Pick-Up (LWB) tion and surveys; to lay

small conductor cable

2. Forklift (RT) For material off-loading Crane was used instead
of forklift on DICE
THROW. Forklift would
have been more efficient.

3. Mobile Crane To load cable on laying For both support and ex-
trailer; to place air perimental construction,
gages and for other two 15-ton hydraulic
heavy material handling cranes were needed on

DICE THROW.

4. Trencher To cut cable trenches During critical period,
two trenchers were re-
quired full time on
DICE THROW.

5. Cable-Laying To lay cable Trailer is owned by DNA;
Tractor and a 2-1/2-ton or larger
Trailer Rig tractor is required.

6. Reel-O-Matic To recover cable Was leased from ERDA on
DICE THROW; can be pulled
by tractor of Item 5.

7. Grader To cut V trenches; to Could be contracted out.
grade gage lines

8. Backhoe To excavate for air- Could be contracted out.
blast gage mounts and
miscellaneous uses

9. Drill Rig To auger holes for Could be contracted out.
camera mounts and other
uses
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4 This system worked satisfactorily, although effort by the TGE
would have been reduced under a more formal written request system. A

formal "change order" procedure was considered by the TGE but never

was implemented.
k. Dust Abatement

A soil-stabilizing agent, trade-named COIIEREX and produced by
Witco Chemical Company, was used for dust abatement in the vicinity of
experiments using exterior photography. The agent was diluted with

water in proportions one part COHEREX to four parts water and applied
at an average coverage of 0.7 gallon per square yard. A total of

43,000 square yards was covered. COHEREX is a water emulsion of petro-
Sleum resins anid can be spread with any conventional equipment used for
spreading water or asphalt oils. On DICE THROW, the FE used oil dis-
tributers to spread the material.

The effectiveness of the dust-abatement effort has not been
fully evaluated at this time. It is expected that Denver Research

Institute (DRI), who was the prime photographic agency on DICE THROW,

will address this item in the report of results. It is known that
adequate consideration was not given to negative-phase dust abatement

(that is, abatement of dust from behind the subjects being photographed).
Also, in the case of vehicles, the area directly underneath each vehicle
was not stabilized, and this resulted in interference with photographic

coverage because of dust.

4. CLEANUP AND RESTORATION

There are three aspects of test-site cleanup and restoration.
First is the recovery of experiments and cable. The Cable Coordinator

(CC) is responsible for the latter, which cannot begin until experi-
enters have released their cable. This normally occurs several days

after the shot. On DICE THROW, 393,900 feet of signal cable and 74,200

Feet of power cable were recovered.
The extent of construction support necessary for experimenit re-

covery varies considerably with the experiments. It is a good idea

to require input from experimenters as to required recovery operations
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well in advance so that priorities can be established. The most crucial

period for recovery operations, and the time that requires tile most
careful planning in this regard, is that immediately after tile shot,

including shot day and the day following.
The second aspect of cleanup and restoration is the return of

instrumentation vans and power distribution equipment to tle Nevada
Test Site. On DICE THROW, equipmient to be returned to NTS amounted to
nine vans and approximately ten flatbed-trailer loads of equipment.

Again, this operation can begin as soon as the experimenters have re-

leased their vans and equipment.
The final aspect is the actual cleanup at the site of miscel-

laneous trash and materials and the filling in of the crater. Tile

extent to which the site must be restored will vary from test to test,

depending upon environmental requirements of the location and tile land
ownership. Reseeding and replanting to restore the natural vegetation
can be undertaken if necessary.

All cleanup and recovery work on DICE THROW was accomplished by
the WSMR FE, under direction by the TGE.
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STANDING OPERATING PROCEDURE FOR COUNTDOWN FOR

PRE-DICE THROW II, 100-TON TNT EVENT

I. SCOPE:

This Countdown delineates the procedures to be followed in prep-
aration for the Detonation Test.

II. OBJECTIVEi

To assure that all test operations are perfoned safely, effi-
ciently, and without error in accordance with approved procedures.

III. ABBREVIATIONS:

SEPO - Seismic Experiment Project Officer

ATC - ARMTE Test Conductor
TGD - Test Group Director
DRI - Denver Research Institute
TFC - Timing and Firing Chief, WES
TGE - Test Group Engineer
OP - Observation Point

NR - National Range
RT - Range Net Talker
PT - Project Net Talker
SF - WSMR Safety Representative

ATD - AFWL lest Director
FT - FM Radio Talker

CT - Project Radio Talker
PC - Program Coordinator
TD - Technical Director

RBl/2 - Roadblock one/two
SAC - SAC Project Officer
LPO - Laser Project Officer
MET - Meteorological Station, SW-70

MC - Mission Control

SLA - Sandia Lab Airlast Prediction Officer
AP - Arming Party
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Pre-DICE THROW DRAWING REFERENCE LIST

DNA Drawings

White Sands Missile Range QUEEN FIFTEEN TEST AREA, Pre-DICE THROW
4 ' III

Drawin No. Description

1 Site Plan

2 Trench Tes t
2.1 Trench Details

2.2 Trench Installation Plan
*3 Debris Test

FARSONS Drawings

S-1 Test Articles Cylinder's Fabrication

S-2 Test Articles Cylinder's Fabrication

S-3 Test Articles Arch Fabrication

S-4 Test Articles Cylinder End Plate

S-5 Test Articles Arch End Plate
S-.6 Test Articles Cylinder Instrumentation

S-7 Test Articles Ins trumentati on

S-8 Test Articles Arch Instrumentation
S-9 Test Articles Cylinder Installation Dets.

S-1O Test Articles Arch Installation Dets.
S-11 Test Articles Cylinders Shipping Dets.

S-12 Test Articles Arches Shipping Dets.

S-13 Test Articles Cylinder Recovery Det.

S-14 Test Articles Arch Recovery Det.
S-15 Facility Test Area Pre-Test Site Work

S-15a Test Articles Cylinder Installation Dets.

S-16 Test Articles Arch Installation Dets.

S-17 Facility Test Area Pre-Test Site Work

S-18 Test Articles Cylinder Recovery Dets.

S-19 Test Articles Arch Recovery Dets.
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DICE TIIROW DRAWING REFERENCE LIST

DNA Drawings

Drawing No. Description

DT-1000 Site Plan

1001 Test Bed Layout

lOOAA Test Bed Layout Post-Shot Structures

1002 Survey Control Points

1003 Grading Plan

1004 Power Distribution

1005 Cable Plan

1006 Trailer Parks

1007 Timing and Firing

1008 Misc. Details (Trailer Door Shock Absorber)

1020 ARMCOM Experiment Layout

11021 SRi Experiment Layout

1022 BRL/BEWV Experiment Layout

1023 BRL/CCC Experiment Layout

1024 BRL/HELO Experiment Layout

1025 BRL/GL Experiment Layout
1026 ORNL Experiment Layout

1027 NWEF Experiment Layout

1028 Lovelace Experiment Layout

1029 DRES Experiment Layout

1030 UK/ASWE Experimenl LcyuuL

1031 SAC Experiment Layout

1032 Sweden Experiment Layout

1033 Nonqay Experiment Layout

1034 AFWL Experiment Layout

1035 WES/FRG Experiment Layout

1036 DRI Experiment Layout

1037 SRI/FRG Experiment Layout

1038 SLA Experiment Layout
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DICE THROW DRAWING REFERENCE LIST (Continued)

DNA Drawings (Continued)

Drawing No. Description
DT-1039 Boeing Experiment Layout

1040 CERF/AFWL Experiment Layout

i ~ SRI Drawi nIs"

1041 CDD Experiment Layout

SRI-4629-1 Site Plan and General Notes
Al Elevations and Details

IiA2 Plans and Sections

A3 Half-Timber Side Wall

NSWC Drawings

NSWC 76C-1127 Main Booster Assembly

76D-1l28 Main Booster Assembly

76D-1123 Booster Initiation System

76D-1129 Booster Initiation System

FRG Drawings

I Site Layout DICE TH1ROW Event
2 Concrete Design Box Structures Sla, Slb, S2a, S2b,

S3a, S3b and Burster Slab

3 Steel Placement Sia and Slb

'1 Steel Placement S2a and S2b

5 Steel Placement S3a and S3b

Steel Schedule for FRG Structures

7 Structure Placement Concrete Structures Sla and Slb

8 Structure Placement Concrete Structures S2a, S2b, S3a, S3b
9 Structure Placement Precast Concrete Structures S4a and S4b

10 Excavation Plan Prefab Structures S5a and S5b

11 Pre-Fabricated Steel Structures S5a and S5b
12 Excavation Plan Prefab Structures S5a and S5b
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DICE THROW DRAWING REFERENCE LIST (Continued)

FRG Draw (Continued)

Drawing No. Description

13 Structure Placement Steel Blast Doors Dla and Dlb
14 Concrete and Steel Design Reaction Structure for

Blast Doors Dla and Dlb

AFWL Drawings

60-09-01 Site Layout Plan

Aircraft Shelter Models
(1) Door Sections, Details and Elevation

(2) Shelter A Door Foundation (Plan, Roller layouts,
Reinforcing Schedule Sections and Details)

(3) Shelter A, Door Foundation (Floor Plan, Sections,
Elevations and Isometric)

(4) Shelter A, B, C: Structural Details

(5) Shelter B, C: Section Plan and Elevation
(6) Shelter B, C: Reinforcement and Closure Sections
(7) Shelter B, C: Structural Details and Sections
(8) Shelter A and Door: Instrumentation Gage Location

Details

(9) Shelter B, C: Gage Placement Sections
(10) Shelter A, B, C: Gage Placement Sections and Gage

Mount Schedule

(11) Shelter A, B, C: Gage Mount Details

DRES Drawins
MES-CDT-I00-C2-1 Experiment Details

C3-1 Experiment Details

C4-1 Experiment Details

C4-2 Experiment Details

C4-3 Experiment Details
MES-COT-104-1 Experiment Details

MES-CDT-105-1 Experiment Details

(Also refer to U.M.&A Drawing No. S-I)
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I'RL-OICL THRMA AND DICL THROW R'LFLR[NCL DOCIMINTS LIS)T

Pre-ICL14 PWLocunents PP

Proje c t P! ncy DINA 10.

11rel i[lninIldry Results Reoport FC/UNA o904

ANF-O Charqe Development ArWL 6905

M Trench Uxpermn SAINSO 6906

MX Structure Lxperimo~nt SAI-15 6907

Stress Measuremlents SR!~ 6908

StAress and Airbiast MeasuremenL1ItS s S I 6909

Ground Motion and Stress Measurements AL 6910

LI PAR I xperi men t SRI161

I Crater Measurements and PermianenLt
Di splIacemen t AIS t)912

TNT Charge Cons truction and 1)iakinos tics DRIS 6913

ANFO Airbiast Calculations AFWL o91'i

Free -Field Ai rb last, Meas uremen ts IBRL 691 b

Techni cal Pho tography DRI 16917

Plirti\ ],1 Velocity 6Gaqe 1)evo 1opmon t AF14L 691 8

P11-DTCE THROW 11-1 PLBRI S AND 11INCIi ISTS, F inal Report
By: karagoz lan and Case
[or-: SAMSO
Da te: 6 November 1975
PRL-DICE THR~OW 11-1 M TRI NCH SHFAR SI.,'SS MLASIRLMINTS . 2tb63St oO3-RV-0O
By: Richard G. Batt/TRW
For: SAMSO
Date: 15 Januar,11y 1970

ANFO CHARGI DL[LOPM[ N PRtkiRA\M SUIMMARY
By: Capt. Tilnas Y . Idwal"rds

Date: '1 dunle 197?



PRE-DICE THROW AND DICE THROW REFERENCE DOCUMENTS LiST (Continued)

DICE THROW Documents

Test Execution Report FC/DNA 6965

Dynamic Response of Two Types of
German House Construction SRI 6966

Crater and Ejecta Enhancement Studies AFWL/CERF 6967

Proceedings of the DICE THROW Symposium,
21-23 June 1977 DNA DNA-4377P-i,

2& 3
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APPENDIX B

I. Countdown Procedures for DICE THROW

:I 2. Radio Frequency Requirements on DICE THROW
*I

3. DICE THROW and pre-DICE THROW 1, 2 Test Site Clean-Up/GIANT PATRIOT
and QUEEN 15 Areas

1' I4. FCDNA-Designed Debris Suppression and Crater and Seismic Predictions for
L j DICE THROW

5. BRL Predicted Airblast Parameters

6. SLA Predictions of Free Airblast Isobars and Extended-Range Airblast
Pressures for DICE THROW

I
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RADIO FREQUENCIES REQUIRED ON DICE THROW

cLguly Iz) Description

166.0 Main Net based in ADMIN AREA

38.85 Artillery Support

36.7 C3-AN/VAC-12 equipment
255.S
243.5
303.5
337.5
377.5
397.5

1,364.5 C3-AN/'GRC-103 equipment

1,428.5
1,433.5
1,731.5
1,766.5
1,785.5
1,811.5
1,839.5

378.609 SRI experiment
413.501
424.501
447.447

1,239.084
1,273.503
2,891.196
8,914.521
10,188.024

216.5 SLA Airblast (Reed) Telemetry
217.5
218.5
219.5
230.5
239.5
248.5
259.7
413.8 SLA Air (Reed) Voice

268.0 ACFT SAC Primary
280.8 ACFT SAC Secondary
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DICE THROW TEST SITE CLEANUP/GIANT PATRIOT

1. HELO EXPERIMENT

- Remove bunkers from berns and load for shipment.
- Level berms.
- Remove 40-ft utility pole.

2. ARMCOM EXPERIMENT

- Remove underground Command Post, Instrunntation bunker and sub-
station bunker; backfill holes.

- Drive rebar RP's flush with ground.

3. LOVELACE EXPERIMENT

- Remove bunkers and backfill holes.

4. SRI RF EXPERIMENT

- Dispose of main transmitter.
- Return CONEX to WSMR logistics.
- Remove T&F road crossing.

5. SWEDISH EXPERIMENT

- Weld hatches closed and berm over hatches.

6. NORWEIGAN EXPERIMENT

- Bolt steel plate over entrance and backfill.

7. DRES EXPERIMENT

- Cut anchor bolts on all concrete paus.
- Remove camera posts.
- Level IT bunker.
- Cover cable trench.
- Load Instrumentation bunker for shipment.

8. UK EXPERIMENT
- Cut anchor bolts on all concrete pads.
- Remove camera posts; level berms.

9. CCC EXPERIMENT

- Level sandbagged berm and backfill large trench.
- Remove 12 utility poles.
- Drive rebar RP's flush with the ground.

B-10



10. WV EXPERIMENT

- Drive rebar RP's flush with ground.
- Dispose of debris not removed by salvdge.
- Move concrete blocks to storage area.

11. WALL EXPERIMENT (After 1 Nov 76)

- Dispose of all debris.
- Structurally sound walls may remain.

12. WES/FRG EXPERIMENT

- Dispose of debris from Blast Doors; level berms.
- Close entrances to Sla, Slb, S2a, S2b, S3a, and S3b; backfill
entrance holes.

- Weld trap doors closed on S4a and S4b and backfill entrances.
- Backfill entrances to S5a and S5b.
- Remove VW-l.

13. APS EXPERIMENT

- Doze open, destroy and backfill all shelters.

14. AFWL EXPERIMENT

- Load blast door.

15. ORNL EXPERIMENT

- Dpze in all shelters.

16. BRL FREEFIELD GAGES

- Remove all above-ground gage mounts.

17. DRI CAMERA MOUNTS

- Remove all steel camera mounts.

18. TRAILER PARKS

- Uncrib trailers and disconnect power lines.
- Remove debris after all trailers have been removed.

19. CABLE

- All cable lying in open trenches not recovered by FCDNA shall be
bladed over.

20. ADMIN AREA

- Cut utilities.
- Remove outdoor storage area.
- Return guard building to Stallion Range Center.
- Disposition of FCDNA trailers is unknown at this time.
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QUEEN 15 SITE CLEANUP

S1. Dispose of debris in LASS area and around trailer park.
, 2. Dispose of LASS cable and cable in trailer park.

3. Backfill LASS craters, 5-ton crater and dump pit behind trailer
park.

4. Remove concrete culverts.

iB
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DNA-DESIGNED DEBRIS SUPPRESSION AND CRATER AND SEISMIC

PREDICTIONS FOR DICE THROW

Figure B-I. Proposed Debris Suppression, DICE THROW

Table B-I. DICE THROW Crater Predictions

Table B-2. DICE THROW Seismic Predictions
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Table B-I. DICE THROW Crater Predictions

16 January 1976

LIP DIAMETER 200 - 250 FT

DEPTH FROM LIP 14 - 18 FT

LIP HEIGHT 5 - 8 FT

RA 85 - ll5 FT

DA l0 - 15 FT

VA 175K - 300K FT3

Table B-2. Seismic Predictions

PEAK-TO-PEAK PEAK-TO-PEAK

LOCATION RANGE*(kft) ACCELERATION, g's DISPLACEMENT, in.

Trailer Parks 1, 2 & 3 6 0.06** 0.03**

Administration Park 10 0.02** 0.01**

Millers Watch 27 0.005 0.003

Stallion 63 0.001 0.001

Ben 63 0.001 0.001

San Antonio 135 <0< 0.01 << 0.001

Socorro 1/4 < 0.001 << 0.001

Truth or Consequences 309 0.001 0.001

*Ranges for WSMR Road Map

**Interpolation of MIXED COMPANY symppsium' Tables 1 and 2, assuming that

Dv = Dr = Dt and AV = Ar = At. All other data points are taken from

MIXED COMPANY and MIDDLE GUST data extrapolations.

'Proceedings of the MIXED COMPANY/MIDDLE GUST Results Meeting, 13-15 March

1973, DNA 3151P2, Vol. II, pp 393 to 416, "Analysis of Strong Motion Sur-

face Seismic Measurements," Lt. Robert L. Post, Jr., and Mr. Richard T. Zbur.
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BRL PREDICTED AIRBLAST PARAMETERS AND GAGE LAYOUT FOR DICE THROW

Figure B-2. Arrival Time versus Range

Figure B-3. Overpressure versus Range

Figure B-4. Overpressure Impulse versus Range

Figure B-5. Positive Duration versus Range

Figure B-6. Horizontal Dynamic Pressure versus Range

Figure B-7. Horizontal Dynamic Pressure Impulse versus Range

Table B-3. BRL Predicted Airblast Parameters

J
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Table B-3. Operation Middle North - Lvent DICE THROW

Predicted Aii Blast Paramneters

P 12.58 psi i20 C

XCORD OP NilPP )P 1 111DW 111)11
ti~t t.JSt) /li ) tlls t[s i illS._J)S i) jps i -ills)}

3.4 5000. 3 24.4 27500. -- -

37.4 3000. 2.S 2.1.3 17000. -- --

50.0 2100. 3,50 23.9 8000. --

100. 1200. 7.O 18.2 25410. 5 200. 31000.
113. 1000. 9.20 16.o 210. 1300. 2)000.

150. 700. 13.2 11.2 1800. 3150. 15000.

200. Sit). 20.0 5:6 1830. 1750. 9400.
(22.A)

20o. S00. 21.0 o.0 1870. Ir,0o. 9000.
(23.0)

250. 380. 28.3 1.1.0 2220. 890. oon

(30.0) (1900.)
281. 300. 3,1. 0 100. R00. 0 O. b 800.

(38.5) (1900.)

30,0. 270. 37.5 9o.0 !o5O. 5i0. 5800.
(43.0) (1870.)
92.0 3500 .190 5750.310. 250. 39.5 36 0 . 49

(o.0) (1850.)
332. 210. .14.0 88.0 2o0. 385. 5500.

(51 .0) (18.i0.)

350. 185. 48.5 86.0 21.10. 320. 5100.
(5o.0) (1820.)

400. 127. 01.0 80.0 1750. 193. 35010
(70.0)

• ,10. 100. 73.0 88.0 1620. 130. 2o50.

150. 90.0 7o.0 89.0 1550. 120. 2,I00.
S00. oS.0 94.0 92.0 1400. 73.0 1o50.
515. o0.0 100. 95.0 1330. W4.0 1150.
525. 55.0 104. 97.0 1320. 56.0 1325.

550. ,18.0 15. 100. 12,10. 15.0 1100.

570. ,15.0 123. 103. 1200. 37.0 900.
580. 40.0 128. 105. 1100. 33.0 790.
600. 36.0 137. 109. 1130. 28.0 700.
605. 35.0 1,10. 110. 1120. 2o .0 670.

010. 30.0 Iso. 114. 1050. 19.0 o 70.
o5O. 28.0 1I . 117. 1030. 17.0 "'o

080. 25.0 183. 122. 990. 13..
700. 23.0 196. 120. 900. 11.2 390.
7,10. 20.0 220. 1 3,N. 910. 8.8 330.
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Table B-3. Operation Middle North - Event DICE THROW

Predicted Air Blast Parameters - Continued

XCORD OP 11I11) O1I I IDP I

(ft) (psi) (ms) (Is) (psi-ms) (psi) I.)si-Us)

750. 19.5 224. 138. 900. 8.3 315.

800. 16.3 255. 150. 8,10. 6.0 250.

820. 15.0 265. 152. 820. 5.2 235.

850. 14.0 290. 160. 790. 4.5 205.

900. 12.2 320. 172. 750. 3.5 170.

950. 10.7 350. 185. 710. 2.8 1,15.

965. 10.0 365. 189. 695. 2.5 135.

1000. 9.6 380. 200. 675. 2.2 125.

1050. 8.A 4,0. 217. 610. 1.70 103.

1075. 8.0 150. 223. 630. 1.60 99.0

1100. 7.8 '160. 230. 620. 1.50 95.0

1112. 7.5 165. 232. 615. .. 43 92.0

1120. 7.3 170. 235. 610. 1.38 88.0

11,10. 7.0 '190. 242. 600. 1.28 80.0

1200. 6.5 520. 25o. 570. 1.10 75.0

1230. 6.0 550. 264. 550. .98 06.0

1300. 5.7 600. 278. 525. .84 59.0

1370. 5.0 660. 291. '195. .o8 -18.0

14,00. 4.8 675. 296. 490. .63 15.0)

1500. 4.6 750. 310. '160. .50 3o.5

1575. 4.0 810. 320. 435. .42 30.5

1600. 3.9 830. 325. 430. .40 29.0

1700. 3.8 910. 3,10. 105. .33 24.0

1730. 3.50 945. 3,15. '100. .30 22.5

1800. 3.35 1000. 350. 385. .27 20.0

1900. 3.20 1080. 365. 365. .22 1o.5

2000. 2.95 1150. 375. 350. .19 14.2

2200. 2.60 1325. 395. 320. .14 10.1

2,100. 2.43 1500. 110. 290. .10 --

2600. 2.12 1680. 425. 270. -- --

2750. 2.00 1820. 430. 255. =- -

2800. 1.94 1850. 135. 250. "- -

3000. 1.80 2025. 4'15. 235. -- -"

3500. 1.48 2'150. 470. 200. -- --

'1000. 1.25 2900. 480. 175. --
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Table B-3. Operation Middle North - Event DICE THROW
Predicted Air Blast Parameters - (cont'd)

XCORD OP AT PPD OPI HDP HDPI
(ft) (1si) (ills) (ills) (psi-ills) (psi) (psi-ils)

4500. 1.10 3400. - .......
5000. .97 3800. - .......
5500. .87 4300. - .......
6000. .79 4700. - .......
6500. .71 5200. - .......

7000. .65 5600. --

Note: Values in ( ) are from Pre-DICE THROW 11-2 scaled data where there
is significant variation from HULL Code calculation.

XCORD = Ground Range S = 1.1685
OP = Peak Shock Overpressure p1
AT = Shock Front Arrival Time S = 0.0089

PPD = Positive-Phase Duration d
OPI = Overpressure Impulse St =0.0089
HDP = Horizontal Dynamic Overpressure

HDPI = Horizontal Dynamic Overpressure Impulse SI = 0.0104

B-2



SLA PREDICTIONS OF FREE AIRBLAST ISOBARS AND EXTENDED-

RANGE AIRBLAST PRESSURES FOR DICE THROW

Figure B-E;. Free Airblast Isobars

Figure B-9. Airbiast Pressures at Extended Ranges
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Distance, ft
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